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An Investigation of the factors affecting 
dot gain on sheet-fed offset lithography presses 
Yung-Cheng Hsieh 
Major Professor: John C. Dugger, III 
Iowa State University 
Dot gain has been recognized as one of the most 
significant factors affecting offset printing quality. Since 
it is not possible to entirely eliminate dot gain, better 
control of this problem is one of the goals of this study. 
The main purposes of this study were 1) to identify the most 
important factors that influence the percentage of "on press" 
dot gain using the sheet-fed offset lithography press, and 2) 
to establish optimum process operating conditions so that the 
minimum yield of dot gain size utilizing the Heidelberg GTO 
could be obtained. 
J A randomized 2 factorial experiment was conducted in 
which every factor was run at two specified levels (fixed 
effects) determined by the practical operating conditions on 
the Heidelberg GTO sheet-fed offset press at a large major 
midwestern university. The four factors were (1) fountain 
solution pH, (2) paper types (coated vs. uncoated), (3) 
plate-to-blanket pressure, and (4) blanket-to-paper pressure. 
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Overall the results suggested that the main effect of 
paper was the dominant variable affecting on press dot gain. 
A stepwise regression analysis revealed that the main effect 
of paper was so overwhelming that it outweighed the 
significance of the other effects. Thus, the paper factor 
was controlled for a second statistical analysis to study the 
conclusive relationships among the other variables and obtain 
more accurate estimations for their associated effects. The 
findings of the second analysis yielded the following 
recommendations: 
1. For prints that require high fidelity and emphasize 
highlight areas, the process should use coated paper 
with a combination of lower blanket-to-paper pressures, 
higher plate-to-blanket pressures, and higher fountain 
solution pH values. 
2. For prints that require high fidelity and emphasize 
midtones and shadows, the process should use coated 
paper with a combination of lower blanket-to-paper 
pressures, lower plate-to-blanket pressures, and lower 
fountain solution pH values. 
3. The optimum process using the uncoated stock for the 
Heidelberg GTO was not recommended simply because the 
process was not stable and capable. 
1 
Cm^PTER I. INTRODUCTION 
Printing is the process of manufacturing visual products 
that are intended to communicate a message with graphic 
images. The printing industry is composed of many related 
manufacturing groups, including printers, publishers of 
books, newspapers, magazines, and packaging, and 
manufacturers of inks, papers, and presses. Printing has 
been identified as a growth industry because each year up to 
the present, it produces more products than it did the 
previous year. Hird (1995) indicated: 
The United States Bureau of Labor estimates that the 
printing industry will need 60,000 new workers each year 
from now until the year of 2000 because of expanding 
technology. More than two-thirds of all printing plants 
employ fewer than 20 people, making the industry one in 
which rapid advancement is common.... According to the 
United States Department of Commerce, more than 54,000 
individual firms that employ 1.5 million people produce 
printed products. This figure represents the largest 
number of American firms engaged in any one type of 
manufacturing process, (pp. 9-10) 
There are four stages of production in most commonly-
used printing methods. First, original images, such as 
artwork and photographs, must be developed. Second, the 
original images must be converted to an image carrier such as 
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a metal or plastic plate. Third, the printing image must be 
inked. Fourth, the inked image is converted to the substrate 
on which it is to be printed. 
Generally, there are five major types of printing 
processes in the commercial printing industry. The five 
major printing processes include Relief Printing, Intaglio 
Printing, Screen Printing, Lithography Printing, and 
Xerography (Electrostatic Printing). 
Offset lithography is the most widely used and the 
fastest-growing process of the five major printing processes 
in the industry. Its major application is for printing on 
paper; thus it is ideal for printing newspapers, books, 
magazines, pamphlets, and all other forms of paper 
publications (Adams, Faux, & Rieber, 1996). Hird (1995) 
indicated: 
United States Government statistics indicate that offset 
lithography is used to produce over 70 percent of all 
commercially printed products. This figure indicates a 
significant increase in the use of offset lithography in 
recent years. Greater use of offset lithography is 
forecast in the future, (p. 15) 
Figure 1.1 displays a typical unit-design offset lithographic 
sheet-fed process. 
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Figure 1.1. A typical unit-design offset lithographic sheet-
fed process (Bruno, 1986, p. 44). 
Offset lithography is a process that converts continuous 
tone copy into a binary representation (ink on or ink off) 
called a halftone. A binary representation of a continuous 
tone image consists of dots of varying sizes which creates 
the visual illusion of continuous tone (Chon, 1996). The dot 
values of a halftone are expressed in percentages of black 
area. For example, a dot value that contains 50% black and 
50% white is a 50 percent dot. Figure 1.2 illustrates the 
percent dot area of printed halftones. 
4 
• • • 
• « 
• • • 
• • 
• • 1 
1 • • 
• • < 
> • • 
• • 4 • 1 mmm 
5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% 
Printed Sheet 
Figure 1.2. Percent dot area of printed halftones. 
"Dot change" means the change in the size of the 
halftone dot from one medium to another. This occurs when 
one goes from film to proofs, from film to plates, or from 
plates to press sheets (Gallup & Tam, 1995). In the 
lithographic printing process, dots are larger on the paper 
than on the film or plate due to ink rheology, compression in 
printing plates, and absorption into the paper. Pobboravsky, 
Pearson, and Daniels (1989) wrote that "Dot gain ... refers 
to the increase in the size of the halftone dots during 
printing compared to their size on the film or printing 
plate" (p. 4 82) . This increase is usually expressed as a 
percentage. For example. Figure 1.3 shows that a 40 percent 
relative dot area on the film may print a dot of 57 percent. 
In this case the dot gain from the film to press sheets is 
said to be 17 percent. 
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Figure 1.3. A 40% dot (upper left) on film may become a 57% 
dot (lower right) when printed. The dot gain is 
17% (Killeen, 1995, p. 27). 
For many years it has been recognized that dot gain is 
one of the most significant factors associated with printing 
quality in the lithographic process. Due to the complex 
nature of the lithographic process, there are many factors 
that can contribute to total dot gain. These factors include 
prepress operations, plate making, paper, ink, and others. 
Unlike most of printing defects in offset lithography 
resulting from poor operating skills, the use of defective 
materials, or improper controls, dot gain is a characteristic 
defect of offset lithography. It is an integral part of the 
offset lithographic printing process, and even though it can 
vary on the same press and from press to press, it must be 
predicted and simulated when making press or off-press proofs 
to match press prints (Bruno, 1986). Therefore, 
understanding the factors affecting dot gain and controlling 
the percentage of dot gain is a stepping stone to controlling 
printing quality. 
Killeen (1995) and DeJidas (1995) examined most of the 
well-known factors contributing to dot gain in offset 
lithographic processes by grouping them into several 
categories. Table 1.1 summarizes those categories applicable 
to this study. 
Table 1.1. Factors affecting dot gain on offset presses. 
Category Factor 
Prepress dot shape, screen rulings, halftone, 
types of screen, halftone film, film 
processing, film-to-film contacting 
Plate exposure and 
processing 
exposure time, light distance, vacuum 
drawdown, plate processing 
Ink ink strength, tack, viscosity, ink-water 
balance, ink temperature 
Paper coated, uncoated, smoothness, absorbency 
Press plate-to-blanket pressure, blanket-to-
paper pressure, press speed, fountain 
solution, types of blankets, ink film 
thickness 
Environment pressroom temperature & relative humidity 
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This experiment was designed to investigate dot gain 
problems on sheet-fed offset lithography presses only. 
Therefore, some of the factors, such as prepress factors, 
halftone film, film-to-film contacting, and plate processing, 
were controlled during the experiment. A detailed discussion 
of the control parameters and variables to be investigated 
can be found in Chapter III. 
S'katemen't of the Problem 
Dot gain is an inherent part of the offset lithographic 
printing due to the absorption and spread of ink film when 
the plate releases contact with the substrate. Dot gain is 
present by the nature of the printing process; therefore, it 
is not possible to eliminate dot gain entirely. However, dot 
gain can be controlled precisely throughout the printing 
process if its parameters are known. Dot gain would not be a 
problem if it remained constant. Many factors contributing 
to dot gain are well known to the printers who have been 
striving to control them for many years. 
It appears that a standardized procedure for controlling 
dot gain on offset presses has not been developed. The 
problem addressed by this study is to identify the factors 
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that have the greatest impact on total dot gain on sheet-fed 
offset lithography presses, then, to standardize the 
percentage of desired dot gain and specify how to compensate 
for this dot gain in order to maintain quality printing. 
Purposes of the Study 
The purposes of the study were: 
1. to assist the Printing Services Department at a large 
major midwestern university, Iowa State University 
(ISU), identify the most important variables that 
influence the percentage of "on press" dot gain on 
sheet-fed offset lithography presses. 
2. to optimize the process operating conditions utilizing 
the Heidelberg GTO at the ISU Printing Services 
Department so that the minimum yield of dot gain can be 
obtained 
3. to help sheet-fed offset lithography printing personnel 
to understand better the effects of "on press" dot gain 
resulting from the identified important variables. 
4. to establish a standardized procedure to maintain 
printing quality on sheet-fed offset presses via 
controlling the percentage of dot gain. 
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Need, for the Study 
Dot gain has been recognized as one of the most critical 
factors affecting print quality using the offset lithographic 
process. In order to achieve and maintain optimum 
reproduction quality, it is necessary to identify and 
understand all relevant causes of change in the dot area and 
control their effect as much as possible within economic 
constraints. 
The concept of quality control has been widely 
implemented simply because there can be huge costs resulting 
from the lack of quality control in many printing companies. 
These hidden costs are never built into job estimates but are 
subtracted directly from profits. Senior consultant at GATF, 
Kenneth E. Rizzo (1995), stated: 
Although visual analysis is the main way printers 
monitor quality, calibrated density/dot gain measurement 
instruments and quality control targets (color bars) are 
being used to monitor print sheet quality throughout the 
press run. Have quality control procedures and a system 
of customers OKs been established? Are they being used 
consistently? (p. 41) 
Recognizing the tremendous need for a standardized process to 
monitor dot gain, the ISU Printing Services Department has 
prioritized the establishment of an effective preventive 
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quality control system to minimize the costs of downtime and 
waste due to dot gain problems. 
Killeen (1995) indicated that some amount of dot 
distortion will always be present because of the physical 
nature and elements of the current lithographic process. 
Understanding the types of dot gain, why and when they occur, 
and how they can be discovered, measured, and controlled can 
give the printer a winning hand in quality printing. Dot 
gain can cause an overall loss of definition and detail, 
color changes, and problems with contrast, ink hues, ink 
density, and trapping. Electronic processes have taken some 
of the guesswork out of dot gain, but controlling dot gain is 
still essential if one is to improve quality in printing. 
Research Ques'tions 
This research attempted to answer the following 
questions: 
1. Do the effects of 1) fountain solution pH, 2) paper 
types (coated vs. uncoated), 3) plate/blanket pressure, 
and 4) blanket/paper pressure on total dot gain on the 
Heidelberg GTO significantly differ from zero, 
controlling for other factors? 
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2. Among these factors, which one has the greatest effect 
on dot gain with the Heidelberg GTO at the ISU Printing 
Services Department under the condition that the 
prepress factors and process are standardized? 
3. What are the optimum process operating conditions to 
achieve the minimum yield of dot gain size utilizing the 
Heidelberg GTO at the ISU Printing Services Department? 
Research Hypotheses 
The four independent variables of this study were: 1) 
fountain solution pH (Xi), 2) paper types (Xa) , 3) plate-to 
blanket pressure ( X 3 )  , and 4) blanket-to-paper pressure ( X 4 )  .  
The dependent variable (Y) was the total dot gain percentage 
from film to paper. The full regression model containing all 
the main effects and interaction terms is listed below: 
Y = a + Pi Xi + p,X, + P3X3 + P4X4 + p5 XiX2 +P6X1X3 +P7X1X4 + 
P9X2X3 + P9X2X4 +P10X3X4 + P11X1X2X3 + P12 X1X2X4 + PX3X1X3X4 + 
P14X2X3X4 + P15X1X2X3X4 + e 
The general hypotheses for this study are described below: 
1. Null Hypothesis 1 (Ho-25%) : The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
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the total dot gain at 25% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
HO-25%: Pi = 0, where i = 1, 2, 3, 15. 
Alternative Hypothesis 1 (Ha-25%) : The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
the total dot gain at 25% tint on the Heidelberg GTO 
significantly differ from zero; that is, 
Ha-25%: at least one of the Pi not equal to zero. 
2. Null Hypothesis 2 (Ho-50%) ^ The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
the total dot gain at 50% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
HO-50%: Pj = 0, where j = 1, 2, 3, 15. 
Alternative Hypothesis 2 (Ha_5o%) : The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
the total dot gain at 50% tint on the Heidelberg GTO 
significantly differ from zero; that is. 
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Ha_5o%: at least one of the |3j not equal to zero. 
3. Null Hypothesis 3 (Ho-75%) : The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
the total dot gain at 75% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
Ho-75%: Pk = 0, where k=l, 2, 3, 15. 
Alternative Hypothesis 3 (HA-75%) : The mean effects of 1) 
fountain solution pH, 2) paper types, 3) plate-to-
blanket pressure, and 4) blanket-to-paper pressure on 
total dot gain at 75% tint on the Heidelberg GTO 
significantly differ from zero; that is, 
Ha-75%: at least one of the not equal to zero. 
Assunp-tions of the Study 
The following assumptions were made in this study: 
1. There were no operator effects on dot gain although the 
plates were made by only one operator and the press was 
operated by only one person. 
2. All sixteen selected plates had the same readings on dot 
areas at 25% tint, 50% tint, and 75% tint, so that dot 
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gain from the film to the sixteen plates remained 
standardized. 
3. The performances of the blankets and ink used for the 
sixteen press runs were the same. 
4. Since the pressroom temperature and relative humidity 
were controlled, there were no temperature and humidity 
effects on paper, ink, and the press. 
Limitations of the Stuc^ 
This experiment was conducted with the following 
limitations: 
1. Due to time and expense constraints, the experiment was 
run on one press using single color ink (black) only. 
2. The tests for the reliability and accuracy of the 
transmission and reflection densitometers used in this 
experiment were performed by the manufacturers only. 
3. This experiment assumed that each of the paper types 
used for this study (coated and uncoated) had consistent 
properties mainly associated with brightness, gloss, 
smoothness, and ink absorptivity. 
4. Ink temperature, ink film thickness, and ink strength 
were assumed to be constant in a given press run. 
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Delimitations of the Stud^ 
The following delimitations are important to interpret 
the conclusions and recommendations of this study: 
1. The film employed for the experiment was digitally 
created using a conventional screen. 
2. The data were collected from single color printing tests 
on a sheet-fed offset press only. 
3. The offset press used to run the printing tests was a 
Heidelberg GTO Kompac 2-Color sheet-fed press. 
4. All dot area values on the plates and printed sheets 
were measured by the Murray-Davies (M-D) equation. 
5. Printed paper was measured with an X-Rite® 418 
reflection densitometer using Status-T density readings 
only. 
6. There were no efforts made to determine plate and 
blanket life on press, control press temperature and the 
temperature of fountain solution, and measure the dot 
gain from film to plate. 
7. The conductivity of the press fountain solution in this 
study was assumed to be constant in a given press run. 
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8. Each printed sheet reading from the densitometer was a 
single reading. It was not a mean value from multiple 
readings. 
Defini'tlon of Terms 
The following definitions were used in this study: 
Apparent Dot Area f%): The dot area of a printed halftone 
element which is computed from the reflection densities 
of the printed element and areas of solid, continuous 
coverage. The computation of apparent dot area makes 
use of the Murray-Davies equation, which accounts for 
the physical area covered by the dot pattern plus 
optical effects that cause the dots to appear larger in 
size (optical gain) . This approximates the visual 
impression of the printed area (CGATS.4-1993, 1993, p. 
4) . 
Densitometer: A sensitive photo-electric instrument that 
provides numerical measurements of dot area, density, 
trap, hue error, grayness, and print contrast of either 
black-and-white or color tone areas on transparent or 
opaque materials (GATF staff, 1995). 
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Densitometry: Measurement of transmitted or reflected light 
with precision instruments expressed in number (Adams, 
Faux, & Rieber, 1996). 
Dot Area (%): The percentage of an area covered by halftone 
dots, ranging from 0% to 100%. The lightest areas of an 
image are represented by the smallest coverage, at or 
near 0%, while the darkest image areas consist of dots 
near maximum coverage of 100% (CGATS.4-1993, 1993). 
Effect of a factor: The change in response produced by a 
change in the level of the factor (Montgomery, 1991) . 
Halftone: An image composed of dots, at a given screen 
frequency (number per inch or centimeter) , that can vary 
in size and shape to produce visual tonal gradations. 
These gradations cover the range between white and full 
color saturation (CGATS.4-1993, 1993). 
Halftone dot; One of the discrete areas of colorant used to 
produce a halftone (CGATS.4-1993, 1993). 
Halftone tint: an area of halftone dots producing an uniform 
optical density, i.e., 25%, 50%, 75%, etc. (CGATS.4-
1993, 1993). 
Murrav-Davies (M-D) equation: See page 36. 
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Nip: The line of contact between two cylindrical objects, 
such as two rollers on an offset press (DeJidas & 
Destree, 1995, p. 366). 
Offset lithography: A planographic printing process that 
requires an image carrier in the form of a plate on 
which photo-chemically produced image and nonimage areas 
are receptive to ink and water, respectively (DeJidas & 
Destree, 1995, p. 1). 
Optical dot gain: The difference between the apparent dot 
area and the physical area of the dots printed on the 
sheet. This apparent optical increase in dot area 
occurs because the dot is on the surface of the sheet 
but light is scattered throughout the substrate. As a 
result, some of the light that enters the paper between 
dots is not totally reflected but is trapped under the 
dots (CGATS.4-1993, 1993, p. 4). 
Packing: (1) The procedure for setting the pressure between 
the plate and blanket cylinders. (2) The paper or other 
material that is placed between the plate or blanket and 
its cylinder to raise the surface to printing height or 
to adjust cylinder diameter to obtain color register in 
multicolor printing (DeJidas & Destree, 1995, p. 367). 
pH: A scale used for expressing acidity or alkalinity of 
solutions. The pH scale ranges from 0 to 14 (Hird, 
1995, p. 696). 
Physical dot gain: The difference between the film printing 
dot area and the physical area of the dots on the 
printed sheet. This change in dot size (increase or 
decrease) results from both exposure effects in 
platemaking and physical deformation of the dot during 
the printing process (CGATS.4-1993, 1993, p. 4). 
Prepress: Prepress is a new term that describes the 
revolutionary technological changes that have 
transformed traditional copy preparation steps prior to 
reaching the printing press. In general, it refers to 
computer applications of full-page composition, color 
separation, and color proofing (Adams, Faux, & Rieber, 
p. 621). 
Sheet-fed offset lithographic press: A printing press that 
feeds and prints on individual sheets of paper (or other 
substrate) using the offset lithographic printing method 
(DeJidas & Destree, 1988). For the purpose of the 
study, this refers to Heidelberg GTO Kompac 2-Color 
press. 
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Status-T: Wide band color reflection densitometer response 
which is the accepted standard in the United States for 
reflection densitometers (X-Rite, 1994, p. 7). 
Stochastic Screening: Also called Frequency-Modulated (FM) 
screening. The stochastic halftone screening process 
eliminates the need for halftone screen angles by 
relying on the placement of randomly controlled spots of 
color. Differences in color are created by varying the 
size and frequency of the random spots (Hird, 1995, p. 
697). First-order stochastic screens vary only the 
spacing of uniformly sized dots, while second-order 
stochastic screens vary both dot spacing and dot area 
(Killeen, 1995, p. 30). 
Total dot gain: The difference in dot area between the input 
film printing dot area and the apparent dot area 
measured on the printed sheet. The computed value 
includes both physical changes in dot size and optical 
effects which increase the apparent size of the printed 
dot (e.g., a 72% apparent dot area from a 50% input film 
printing dot area is reported as 22% total dot gain). 
The film printing dot area for positive-positive 
reproduction is that value measured as the opaque dot in 
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the input film- The film printing dot area for 
negative-positive reproduction is that value measured as 
the opaque dot in the film subtracted from 100 (CGATS.4-
1993, 1993, p. 4) . 
Web offset lithographic press: A printing press that prints 
on a continuous web, or ribbon, of paper fed from a roll 
and threaded through the press (DeJidas & Destree, 
1995) . 
Yule-Nielsen fY-N) equation: See page 37. 
Abbrevxa'tlons 
ANOVA: Analysis of Variance. 
FIPP: International Federation of the Periodical Press. 
GATF: Graphic Arts Technical Foundation. 
GCA: Graphic Communications Association. 
ISU: Iowa State University. 
SWOP: Specifications for Web Offset Publications. 
TAGA; Technical Association of the Graphic Arts. 
UGRA: Association for the Promotion of Research in the 
Graphic Arts Industry, a well-known Swiss research 
institute for the graphic arts. 
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CHAPTER II. REVIEW OF LITEPATUBE 
Printing is the process of manufacturing visual products 
that are aimed to communicate messages through permanent 
graphic images and has been identified as the single most 
significant technological development in the history of human 
beings. The foundation and power of a printing process is 
the ability to communicate information exactly to any number 
of people at the same time and reproduce high-quality images 
in large quantities at a reasonable cost. The growth of the 
printing industry has been immense. Hird (1995) noted: 
The printing industry is constantly developing more 
efficient ways to meet the needs of our growing 
population. Industry has made numerous and significant 
breakthroughs in technology. The printing industry is 
now one of the largest service organizations in the 
world. Its sales incomes and number of employees rank 
it as the sixth largest industry in the United States, 
(p. 10) 
This study was concerned primarily with offset 
lithography, especially sheet-fed offset lithography. Offset 
lithographic printing is the most widely used printing 
process in the commercial printing industry. Offset 
lithography is used to produce over 70 percent of all 
commercially printed products. This chapter begins by 
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providing a historical overview of the offset lithography, 
describing the current offset printing process, reciting what 
dot gain is and how and when it occurs during the offset 
printing process, listing the factors affecting dot gain and 
explaining how they influence the percentage of dot gain in 
the offset lithography, and discussing the future 
implications derived from previous studies. 
Historxcal Overview of Offse'k Lithography 
The offset lithographic printing process was invented by 
Alois Senefelder of Munich Germany in 1798. His invention 
was based on the principle that oil or grease and water do 
not readily mix. Hird (1995) described: 
Working on a slab of porous limestone, Senefelder 
sketched a design with a grease crayon-like material 
that was absorbed by the stone. Then, the entire 
surface of the stone was wet with a mixture of water and 
gum arable. Only the blank areas absorbed this 
solution. The design area repelled it. Since grease 
and water do not mix, the ink did not adhere to the 
moist blank areas. When a sheet of paper was pressed 
against the surface of the stone, a print of the design 
was made. (p. 16) 
The first lithographic press was known as a flatbed 
press because the stone was placed on a flatbed in the press. 
Later, the heavy and bulky lithographic stone was replaced by 
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metal printing plates. However, offset lithography did not 
become more popular until the invention of aluminiam and zinc 
printing plates (Hird, 1995). These printing plates can 
absorb water and grease just like the lithographic stone, and 
they are much lighter and far more flexible than the stone so 
that they can be easily wrapped around a press cylinder. The 
rotary press resulted from experiments with these light­
weight and flexible metal plates. Today, much printing is 
done by this process. The process can print on almost any 
surface—metal, wood, paper, or plastic. 
Two major inventions, photography and halftone screen, 
promoted greater use of offset lithography. Hird (1995) 
indicated that the first process for producing permanent 
photographic images was developed by the French painter 
Louios Jacques Mende Daguerre in 1839. It was George Eastman 
who first made photography practical in the late 1800s. Kird 
(1995) also indicated that the first halftone screen was 
invented in 1852 and was comprised of glass. The original 
photography was photographed through the glass screen. This 
produced a negative made up of many small dots, called a 
halftone. 
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Today, offset lithography is referred as a planographic 
printing process that requires an image carrier in the form 
of a plate on which photo-chemically produced image and 
nonimage areas are receptive to ink and water, respectively 
(DeJidas & Destree, 1995). Generally, this process can be 
classified as sheet-fed and web types. According to Prust 
(1994), "A sheet-fed press uses individual sheets of paper. 
They are picked up, one at a time, and fed through the press" 
(p. 339). Prust (1994) further explained that a web press 
use one long, continuous roll of paper that is fed into the 
press (p. 339). As the roll unwinds, the images are placed 
on the sheet as the ribbon of paper feeds through the press. 
Current Offset: Lxthographxc Practices 
Offset lithography, a planographic printing process, is 
the most widely used printing process in the printing 
industry. It is also called planography because the printing 
areas are flat or on the same plane as the surface of the 
printing plate. Followings are the basic steps, according to 
DeJidas and Destree (1995), involved in printing by offset 
lithography: 
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1. Plate with photochemically produced image and non-
image areas is mounted on a cylinder. 
2. Plate is dampened with a mixture of chemical 
concentrates in a water-based solution, which adheres 
to the non-image areas of the plate. 
3. Plate surface is contacted by inked rollers, which 
apply ink only to the image area of a properly 
dampened printing plate. 
4. Right-reading inked image on the printing plate is 
transferred under pressure to a rubber-like blanket, 
on which it becomes reversed (wrong-reading). 
5. Inked image on the blanket is transferred under 
pressure to a sheet of paper or other printing 
substrate, producing an impression of the inked image 
on the paper, (p. 1) 
Four basic units of the offset press system 
Offset presses are generally divided into four operating 
units. These include: 
• The feeding unit, 
• The registration unit, 
• The printing unit, and 
• The delivery unit. 
It is important to note that this four-unit design also 
applies to every other printing method. Since the interest 
of this study was limited to "on press" dot gain, it focused 
on the printing unit only, especially the printing unit of a 
sheet-fed offset press. 
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The printing unit 
The printing unit in offset lithography places ink and a 
water solution on the printing plate, transfers the image to 
the press sheet, and forwards the press sheet to the delivery 
unit (Adams, Faux, & Rieber, 1996). Generally, the printing 
unit of a sheet-fed offset lithographic press consists of a 
cylinder system made up of three primary cylinders and 
systems for dampening and inking the plate (See Figure 2.1): 
• Plate Cylinder: a cylinder that carries the printing 
plate, a flexible image carrier with ink-receptive image 
areas and, when moistened with a water-based solution, 
ink-repellent nonimage areas, 
• Blanket Cylinder: a cylinder that carries the offset 
blanket, a fabric coated with synthetic rubber that 
transfers the image from the printing plate to the 
substrate, 
• Impression Cylinder: a cylinder running in contact with 
the blanket cylinder that transports the paper or other 
substrate, 
• Inking System: a series of rollers that apply a metered 
film of ink to a printing plate, and 
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Inking System 
Dampening 
Paper 
Stack 
Figure 2.1. 
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The printing unit of a sheet-fed offset 
lithographic press consists of a cylinder system 
and systems for dampening and inking the plate 
(DeJidas & Destree, 1995, p. 6) . 
Dampening System: a series of rollers that dampen the 
printing plate with a water-based dampening solution 
that contains additives such as acid, gum arable, and 
isopropyl, alcohol or other wetting agents (DeJidas & 
Destree, 1995) . 
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Hird (1995) stated that the printing unit is the heart 
of the offset press. He explained that everything about the 
actual printing cycle centers around the three cylinders in 
the printing unit, the blanket cylinder, the blanket 
cylinder, and the impression cylinder. The surfaces of these 
three cylinders must travel at the same speed (same distance 
during each cylinder revolution). They must be adjusted for 
minimum cylinder-to-cylinder squeeze capable of producing 
accurate printed reproduction and long plate life (Hird, 
1995) . 
Overview of Dot: Ged^i 
In graphic arts, dot gain (from film to paper) is 
referred as the difference between dot area of the films, as 
measured with a transmission densitometer, and the dot area 
of the proof or printed sheet, as measured with a reflection 
densitometer. Due to both technical reasons and the effect 
of light entrapment, printing without dot gain is impossible. 
It has been recognized that dot gain is one of the most 
critical factors associated with printing quality in the 
lithographic process. For many years, it has been one of the 
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most important measured values for quality improvement and 
standardization in printing. 
Why is dot gain so critical? 
Most of printing defects in the offset lithography are 
either the results of poor operating skills, the use of 
defective materials, and/or improper techniques or control. 
They are usually correctable. Dot gain, on other hand, is a 
characteristic defect of offset lithography and also a built-
in integral part of the offset lithographic printing process 
(Bruno, 1986). 
Dot gain can cause an overall loss of definition and 
detail, color changes, and problems with contrast, ink hues, 
ink density, and trapping (Killeen, 1995). Uncontrolled dot 
gain is ultimately to blame for much of the waste in offset 
lithography. For example, if the dot grows more than it 
should, the color on the print would be darker and the 
desired color will not be obtained. This type of problem, 
color variation, is probably the largest single problem in 
offset lithography. Dot gain has the greatest influence on 
color variation, so the benefits of understanding. 
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controlling, and compensating for dot gain are obvious ("Dot 
gain: Causes and cures," 1982). 
What is total dot gain? 
Total dot gain, which refers to the sum of both physical 
(also called mechanical) and optical dot gain, is the 
difference between the dot area on the film, as measured with 
a transmission densitometer, and the dot area on the printed 
sheet, as measured with a reflection densitometer (GATF 
staff, 1995) . Jackson (1990) defined physical dot gain as 
the total physical increase in halftone dot size that occurs 
at each image transfer stage between film steps and printed 
press sheets. It can occur during color separation, film 
contacting and platemaking, and on press when ink is printed 
on paper. 
Killeen (1995) explained that optical dot gain is a 
visual phenomenon created because of the light-absorbing 
characteristics of ink and the light-scattering 
characteristics of the substrate. When light hits the non-
image area, or "white space," it is scattered and some of the 
light is absorbed below the halftone dots. This light cannot 
be reflected back to the eye and is said to be "absorbed." 
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Dots appear darker and larger than their actual density and 
size due to the scattered light being absorbed by the ink and 
paper. It is important to note that the dot sizes are not 
physically changed, but they appear as if dot gain has 
occurred. A graphic explanation of total dot gain is shown 
in Figure 2.2. As shown in the figure, the physical dot gain 
is 15% and the optical dot gain is 2%; therefore, the total 
dot gain is 17%. 
50% 
+ 15% 
65% 
Physical Do-t Gain Dot: 15 % 
C^-tical Do-b Gain: 2% 
Total Dot Gain: 17% 
+ 17% 
67% 
Figure 2.2. Total dot gain is a coinbination of the physical 
increase and the optical increase in dot size. 
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Measuring and Controlling Dot Gain 
For many years, offset lithography printers have been 
well aware of the factors contributing to dot gain and the 
printers believe that dot gain must be predicted and 
simulated when making press or off-press proofs to match 
press units. In fact, the formulas for measuring dot gain 
have been available for almost sixty years through the 
studies done at Eastman Kodak (Murray, 1936). 
It is obvious that uncontrolled dot size change will 
seriously distort the tone and color reproduction. Better 
control of dot size change means better control of color. 
Better control of color will reduce the rework and scrap, and 
thus, lower the cost and also increase the productivity. 
Therefore, it is necessary to monitor the dot gain on press 
closely, establish a standard that will match the chosen 
proofing system, and then maintain that standard in the 
pressroom (Prince, 1994). M. Southworth and D. Southworth 
(1989) stated: 
Since dot gain variation has the greatest influence on 
color variation, it is important to understand how to 
control and compensate for it. If controlled, dot gain 
is not necessarily bad — which is just as well, because 
dot gain is inherent to every printing process. (P. 13, 
chap. 14) . 
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Thus, dot gain variation must be measured and controlled. 
Even though dot gain cannot be eliminated, its effect can be 
compensated for and minimized. 
Densitometers 
A densitometer can measure dot area, density, trap, hue 
error, grayness, and printed contrast of either black-and-
white or color tone areas on transparent or opaque materials 
(GATF staff, 1995). Brehiti (1992) defined densitometers as 
the instruments that are designed to determine, indirectly, 
the light absorbed by a surface. Brehm also indicated that 
there are two kinds of densitometers: 
1. Transmission densitometers measure the amount of light 
that is transmitted through a transparent material such 
as a film base. 
2. Reflection densitometers measure the amount of light 
reflected from a print and are a critical aid in quality 
control for all involved in the printing production 
process. 
In printing and publishing, densitometers have been used 
extensively in prepress and pressroom operations. Esler 
(1989) further explained that the printing industry^ s growing 
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preoccupation with statistical process control (SPC) requires 
reliable color-reading densitometers; these are now plugged 
into personal computers running elaborate programs for 
interpreting and reporting data gathered. According to GATF 
staff (1995), the applications of densitometers include the 
followings: 
• Monitoring tone reproduction in the production of 
halftones, 
• Calibrating and linearizing exposure devices such as 
imagesetters, 
• Determining dot sizes and tone values when inspecting 
film, 
• Measuring solid ink density (SID) on the printed sheet 
to assure that target levels of ink density are 
achieved, 
• Determining dot gain, print contrast, and trapping on a 
press sheet, 
• Comparing a press sheet to a proof, or comparing a proof 
to an original photograph, and 
• Collecting density and dot gain data to provide, and 
information about process stability and capability. 
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Dot gain measurement 
The densitometer, one of the most widely used 
instruments to measure dot areas, provides important 
information that helps to control and improve the printing 
process (GATF staff, 1995). Generally, dot gain is measured 
from solid and tint values by densitometers. A densitometer 
can measure either incident light reflected from a substrate 
(reflection density) or light transmitted through a film 
(transmission density), or both (Killeen, 1995). Most modern 
densitometers use the Murray-Davies and/or Yule-Nielson 
equations to calculate dot gain. 
Murrav-Davies CM-D) equation 
In 1936, Alexander Murray of Eastman Kodak expressed the 
relationship between reflection density of halftone prints 
and dot area (Murray, 1936). Murray^ s study is the origin of 
the Murray-Davies equation. The Murray-Davies equation 
calculates both the mechanical and optical aspects of dot 
gain. Comparing the values for a printed dot area (with a 
reflection densitometer) with the values measured on the 
corresponding film (with a transmission densitometer) gives a 
figure for dot gain. This Murray-Davies equation has been 
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accepted as the standard for calculating apparent total dot 
gain (both physical and optical). The Murray-Davies (M-D) 
equation is listed as follows: 
% apparent dot area (both physical and optical dot)= 
100 X (1-10"'°^^^"°^^'') 
where (using the appropriate filter for the colorant 
being measured) 
D(s) is density of the solid; 
D(t) is density of the tint; 
D(p) is density of the paper/substrate. 
(ANSI/CGATS.4-1993, 1993, p. 7) 
Yule-Nielsen (Y-N) equation 
The Yule-Nielsen equation is a modification of the 
Murray-Davies equation used to estimate the physical dot 
area. It includes an ^^n factor" for paper which varies 
according to the type of paper, ink, and screen ruling used 
and yields a result which expresses only physical dot area 
(Yule and Neilsen, 1951). This Yule-Nielson modification 
removes the light-scattering effect (optical effect), giving 
the physical dot area measurement and optical dot gain 
measurements separately. Accordingly, the formula will 
produce dot measurements significantly lower than those 
obtained with the Murray-Davies equation. 
The Committee for Graphic Arts Technologies Standards 
(ANSI/CGATS.4-1993) stated that: 
38 
An empirically determined factor "n" is included to 
calculate an approximation of physical dot area 
resulting from the use of specific raw materials (ink, 
paper, substrate, etc.) used in the printing process, 
(p. 7) 
The Yule-Nielsen equation is listed as follows (ANSI/CGATS.4-
1993, 1993): 
% estimated physical dot area = 
100 X 
where (using appropriate filter for the colorant being 
measured) 
D(s) is density of the solid; 
D(t) is density of the tint; 
D(p) is density of the paper/substrate; 
"n" is an empirically determined factor, by trial and 
error, that must be determined for each set of raw 
materials, (p. 7) 
It is important to note that the Y-N equation reverts to 
the M-D equation when the value of n in the equation equals 
1.0. In 1980s, several studies intended to determine an 
optimum value for the "n" factor. Pearson (1980) 
recommended: 
...the choice of an n value between 1.4 and 1.8 can 
result in improved accuracy of dot area calculations for 
most practical conditions and is feasible for those 
cases where a background of experience and data with 
other values does not already exist. For practical 
reasons a specific value of 1.7 is recommended, (p. 415) 
There are other methods of measuring dot gain, such as the 
Neugebauer Equations and System Brunner, but they are not as 
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widely accepted as M-D and Y-N equations by the printing 
industry in the United States. 
What should the dot gain values be? 
A unique aspect of dot gain is that the gain is not the 
same across the scale of halftone values; the gain is 
generally greatest around the 50 percent dots, tapering off 
at the highlight and shadow ends of the tone scale (Rinehart, 
1983). Currently, there are no published standards of dot 
gain percentage for sheet-fed offset printing. Most sheet-
fed offset printers in the United States adopt the following 
four specifications to monitor their printing processes. 
Recommended specifications from densitometer 
manufacturers 
In the pressroom, measuring dot gain at the 50% film 
tint for each color is a quick evaluation of tone 
reproduction quality. Table 2.1 shows typical dot gain 
values for three common printing conditions calculated by 
densitometers that employ Murray-Davies equation to measure 
at a 50% film tint with Status-T density responses. 
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Table 2.1. Typical dot gain values® for three common 
printing conditions (X-Rite, 1994, p. 3) . 
Black Cyan Magenta Yellow 
Sheet-fed, Offset 22% 20% 20% 18% 
Web-Offset, Magazine 24% 22% 22% 20% 
Non-Heatset Web, Newspaper 34% 33% 30% 28% 
® Values are Status-T, calculated using Murray-Davies 
Equation measured at 50% film tint. 
SWOP recommended specifications 
The 1993 version of Specifications for Web Offset 
Publications (SWOP, 1993) stated; 
To more accurately control press proofing, it is 
recommended that total dot gain (physical and optical) 
from film to print should be 22 percent, plus or minus 4 
percent, with no more than 4 percent difference among 
the four colors for sheetfed offset printing, (p. 156) 
This dot gain specifications were based on the measurement 
and calculations done with a densitometer utilizing the 
Murray-Davies Equation and wide-band filter for apparent dot 
size, which incorporates both physical and optical gain. 
This total dot gain was measured in the 133-lines screen, 50 
percent dot area for black ink. No distinction was made 
between positive and negative plates and coated and uncoated 
papers. The dot gain specifications for the four process 
colors are displayed in Table 2.2. 
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Table 2.2. SWOP dot gain specifications (SWOP, 1993, p. 
13) . 
Color Target Value Tolerance 
Yellow 18% 15-21% 
Magenta 20% 17-23% 
Cyan 20% 17-23% 
Black (for pre-press proofs) 22% 19-25% 
Black (for production printing) 24% 20-28% 
FIPP recommended specifications 
It has been recognized that dot gain values are 
different for positive and negative platemaking and are also 
affected by the use of coated or uncoated paper. For this 
reason four different specifications were recommended by FIPP 
(International Federation of the Periodical Press), an 
European research institute (Schlaepfer, 1988). Table 2.3 
displays the European scale based on the 50% dot measurement. 
Table 2.3. FIPP dot gain specifications at the 50% tint* 
(Schlaepfer, 1988). 
Positive plate Negative Plate 
Coated Paper 19% ± 2% 26% ± 2% 
Uncoated Paper 25% ± 2% 32% ± 2% 
* It is assumed that the production run has to match the 
proof print. 
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GCA recoimtiended specifications 
According to GCA Print Properties Conunittee 1984 Press 
Test Results (Strashun, 1985), the normal operating range of 
total dot gain for web offset, heatset publication presses 
printing on #5 coated groundwood stock is 22 percent, plus or 
minus 4 percent. This dot gain specification was based on 
the data read from the GATF 120-line 40% square-dot target by 
a Status-T densitometer employing the Murray-Davies equation. 
Factors Affecting Dot Gain 
To provide optimum reproduction quality, it is necessary 
to identify and understand the important causes of changes in 
dot area and reduce their effects as much as possible within 
the economic constraints of the offset printing process. 
Many studies have been made of the mechanisms of both optical 
and physical dot gain and the factors contributing to them. 
Prepress factors and dot gain 
Killeen (1995) described the prepress factors that can 
contribute to dot gain range from such basics as the shape of 
the dot and the fineness/coarseness of the screen ruling 
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through the method of making the halftones and negatives to 
plate exposure and processing. 
Dot shape 
Generally, dots could be round, square, elliptical, or 
other special shapes. Dot shape is an important factor in 
tonal reproduction. Shape distortion during ink transfer 
from plate to blanket and blanket to substrate causes poor 
color and a shift in gray balance (Killeen, 1995). Figure 
2.3 displays the image of 50% (film tint) elliptical dots on 
a negative-working plate (actually used in this experiment) 
that was captured by the ISU Image Analysis Facility. 
Figure 2.3. Typical elliptical dots (50% dots on the film) 
on a negative plate. 
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According to Killeen (1995), the effect of dot shape on dot 
gain was explained as the follows: 
As the dot size approaches 50%,... the simultaneous 
connection of all four dot corners of square dots 
produces a sudden change in contrast called "tone 
jump".... The elliptical dot (known as a diamond) was 
developed to avoid tone jump. Because of its elliptical 
shape, only two corners join at one time, resulting in 
smoother tone gradation.... To reduce dot gain, some 
printers prefer round dots because the round shape 
maximizes the area enclosed while ,minimizing the 
perimeter, (p. 30) 
Screen rulings 
Screen rulings are described in lines per inch (Ipi) and 
refer to the number of halftone dots per linear inch in the 
halftone or color separation. As a general guide, dot gain is 
less with a lower screen ruling (Killeen, 1995). The results 
of the North American Print Survey conducted by Muirhead, 
Burgstein, and Fahr (1985) indicated that dot gain 
measurements vary proportionally with screen ruling, 
decreasing as the ruling becomes more coarse. A 65-line 
screen has almost no dot gain, while a 150-line screen has 
considerable dot gain (Gretag Imaging, 1996). Gretag Imaging 
Company (1996) also indicated that it would be questionable 
to increase the screen ruling to more than 150, because in 
most cases it would cause extreme dot gain. 
45 
Conventional screening versus stochastic screening 
The major difference between conventionally screened 
dots and stochastically screened dots is that stochastically 
screened dots are randomly spaced and clustered within the 
matrices and do not fom coherent areas like conventionally 
screened dots (Stanton & Warner, 1994). The stochastic 
halftone screening process eliminates the need for halftone 
screen angles by relying on the placement of randomly 
controlled spots of color. Killeen (1995) indicated that 
some benefits of stochastic screening include no visible dot 
patterns, no moire patterns, and no tone jump. However, 
according to the results of an experiment conducted by GATF 
to compare the reproduction characteristics of stochastic 
screens with those of conventional halftone dots (Stanton & 
Warner, 1994), the stochastic screening process exhibited far 
greater levels of dot gain than the conventional halftone 
process for every ink color. 
Negative versus positive plates 
It is a well-known fact that exposing a negative film on 
a negative working plate will cause dot gain. Tolley (1989) 
noted: 
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With negative plates, as exposure increases so does dot 
gain. Reducing exposure will shorten run length 
capacity. In other words: Short run — lower exposure — 
less dot gain; long run — increase exposure — more dot 
gain. Typical dot gain on a negative plate is at least 
five percent on a 50% dot.... When a positive film is 
exposed to a positive plate, it works in the opposite 
way to the negative version, (pp. 45-46) 
Table 2.4 compares the dot gain values between positive and 
negative printing based on the findings of North American 
Print Survey (Muirhead, Burgstein, and Fahr, 1985). 
Table 2.4. Midtone dot gain* average by negative and 
positive plates. 
Negative Process (%) Positive Process (%) 
Sheet-fed Offset 
All Proofs 18.6 17.2 
SWOP Proofs 19.0 16.6 
Production 20.2 17.2 
Web Offset 
Commercial 24.7 19.3 
Publication 26.8 18.6 
* Based on 150 line-per-inch elliptical screen ruling. 
It is important to note that although negative printing 
exhibits more dot gain than positive printing, it is quicker 
and cheaper to produce negative film. Extreme care must be 
given during the plate exposure. Internationally accepted 
exposure control devices, such as UGRA Plate Control Wedge, 
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GATF Dot Gain Scale-II® for Midtone Control, EXDGRA Precision 
Measuring Strips I and II, and System Brunner can be employed 
to determine the proper exposure control targets and assure 
the consistency of the platemaking process (Southworth & 
Southworth, 1989). 
Press factors and dot gain 
Press factors such as press speed, fountain solution, 
blanket, and rollers all contribute to dot gain (Killeen, 
1995). It is also generally accepted by printers that web 
presses produce more dot gain than sheet-fed press. 
Press speed 
According to Bruno (1985), the faster the press runs the 
sharper is the printing, and the lower and more consistent is 
the dot gain. Press speed is, therefore, another variable 
that should be controlled and factored into the proof 
equation. 
Types of blankets 
Generally, there are two types of offset blankets in 
regular use: conventional (non-compressible) and 
compressible. Ferris (1996) remarked that compressible 
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blankets are more popular today than conventional ones 
because they feature an additional rubber layer that 
functions similar to a shock absorber, allowing a blanket to 
rebound after it has taken a hit. Bruno (1986) further 
explained that: 
On conventional blankets the deformation, especially in 
the nip, can cause slippage of the blanket particularly 
on coated paper in dot areas from middletones to solids, 
resulting in directional distortion of the dot gain 
called slurring.... Compressible blankets, on the other 
hand, compress under impression and do not exhibited the 
accumulation of rubber in the nip even under moderately 
excessive impression pressure. Therefore, compressible 
blankets are more tolerant to pressure changes, do not 
distort image elements, and maintain more consistent dot 
gain and dot shapes during printing, (pp. 93-94). 
Impression pressure 
Printing on a single-color sheet-fed offset press is 
accomplished by a three-cylinder unit which consists of a 
plate cylinder, blanket cylinder, and impression cylinder 
(see Figure 2.1). The cylinders must be brought together 
under pressure in order to transfer the ink and they must be 
released to stop printing (DeJidas & Destree, 1995). 
However, the relationship between impression pressures and 
dot gain is far more complex than the generally accepted 
statement by printers: the higher the impression pressure or 
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squeeze between plate and blanket and blanket and paper, the 
more ink will spread and the higher will be the dot gain. 
Lloyd P. DeJidas (1992), the Director of Graphic Services for 
the Graphic Arts Technical Foundation (GATF), indicated that 
impression pressure-related problems exist in various degrees 
in just about every offset plant and they are a major source 
of inconsistent printing quality in lithography. 
Several studies have been conducted to investigate the 
relationship between plate-to-blanket pressure and dot gain 
and blanket-to-paper pressure and dot gain independently, but 
not simultaneously. It is important to study the 
relationship between the two pressures simultaneously because 
the effects of the two impression pressures partly counteract 
each other and usually cannot be regulated separately; 
printers should seek whatever combination seems to produce 
the best compromise between subjective and measured print 
quality (Lindqvist, Paukku, & Perila, 197 6). Further, due to 
the complex nature of the offset printing process, most 
process variables influence the quality factors 
contradictorily; that is, a given change in the two pressures 
might improve some print properties but make other worse. 
Therefore, the optimum impression pressures vary from case to 
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case. For this reason, the ISU Printing Services Department 
recommended that the experimental variables of this study-
should include plate-to-blanket pressure and blanket-to-paper 
pressure. 
Bruno (1986) suggested that in order to insure overall 
contact of the plate, blanket, and impression cylinders, a 
squeeze of at least 0.003 inch (0.076 cm) must be used. This 
is equivalent to an impression band of about 3/16 inch (4.8 
cm), which amounts to an impression pressure of about 50 
pounds per lineal inch (8.9 Kg/cm) or about 200 pounds per 
square inch (0.36 Kg/cm^) . 
Fountain solution dH 
The fountain solution system on a sheet-fed offset 
lithographic press provides a water-based fountain (or 
dampening) solution to the printing plate before it is inked. 
Its major objective is to provide fast and complete 
separation of the image and non-image areas of the plate; 
i.e., to prevent ink from becoming deposited in non-image 
areas (DeJidas & Destree, 1990). High-quality lithography 
depends on fountain solutions formulated to a precise level 
of acidity, and this level is bracketed by a narrow range on 
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the pH scale ("The Solution," 1985). It is fundamental that 
the fountain solution and printing ink are in balance to 
achieve high quality prints at maximum production levels. 
The pH of fountain solutions is one of the major factors to 
consider in reaching a balance between ink and fountain 
solutions (Brothers, 1988). 
The lower the pH, the more acidic the solution; 
conversely, solutions with a pH higher than seven are 
alkaline. DeJidas and Destree (1990), GATF Production 
Director and GATF Editor in Chief, explained the effects of 
fountain solution pH on the offset printing quality: 
Insufficient acid in the dampening solution lessens the 
gum's ability to adhere to the plate. Eventually, ink 
starts to replace the gum in non-image areas. This is 
called plate scumming.... Excessive acid also causes 
plate blinding, the loss of ink receptivity in the image 
area. The extra acid attacks the plate-in the image 
areas, causing the image to deteriorate.... Another 
problems associated with excessive acid in the dampening 
solution is roller striping and poor drying of ink. (p. 
5) 
Gerson (1987) indicated that the generally recommended 
fountain solution pH is 3.5 to 4.0 for web offset printing; 
for sheet-fed printing, the recommended range is 4.0 to 4.5. 
This study used 4.0 as the low-level pH and 4.5 as the high-
level . 
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Ink film thickness 
Control of the amount of ink applied to the printing 
substrate (ink film thickness) is one of the most important 
factors for success in offset lithography. Theoretically, 
the thicker the ink film, the more saturated the color. In 
practice, however, a point is reached beyond which spaces 
between halftone dots begin to fill in because of excess ink, 
and light colors begin to look "dirty" ("Measuring Ink 
Density," 1986). Control of ink film thickness is usually 
based on measurements made with a reflection densitometer 
and/or an ink film thickness gauge. 
A study conducted by Takahashi, Fujita, and Sakata 
(1983) at Tokai University in Japan concluded that the more 
ink supplied, the thicker the ink film, and therefore, the 
greater the dot gain. In fact, Johnson (1980) reported that 
dot gain increases as the square of the ink film thickness. 
Furthermore, Scarlett (1989) suggested that on the subject of 
ink and water, ink should be carried at the thinnest film 
possible conductive to achieve good runnability, and water, 
in turn, should be kept to the minimum required to keep the 
plate clean. 
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Ink and dot gain 
The effect of ink rheology on offset printing quality is 
a complex subject. One of the key issues is the effect that 
ink has on dot gain. Many elements of ink, such as pigment, 
viscosity, tack, stability, and strength, contribute to 
overall dot gain (Killeen, 1995). 
Strength 
Strength is an indication of the amount of pigment 
contained in an ink (Scarlett, 1988). Due to the high cost 
of pigment in ink, it is easy to reduce cost by reducing the 
amount of pigment. According to Killeen (1995), reducing the 
pigment reduces the strength of the ink, causing the press 
operator to run a thicker ink film, which can cause dot gain 
problems on press. However, an optimum level of strength 
should be determined by experimentation, which varies from 
case to case. 
Tack 
Tack is the stickiness of an ink (Southworth & 
Southworth, 1989). Scarlett (1989) indicated that the higher 
the ink tack, the lower the dot gain. Scarlett (1988) went 
further to explain that if tack is too high, the ink will 
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pick up the paper; if it is too low, the ink will not print a 
sharp dot. Scarlett also indicated that the normal rule of 
thumb for sharp printing is to use the highest tack possible 
within the limitations imposed by the paper and press speed. 
Viscosity 
Ink viscosity is different from ink tack. Viscosity is 
a property of fluids resulting from molecular attraction 
which makes them offer a resistance to flow (Southworth & 
Southworth, 1989). Ink viscosity is affected by ink 
temperature. According to Killeen (1995), if the press is 
cold, the viscosity of the ink will be higher and the dot 
gain lower; if the press is too warm, the viscosity will be 
lower and dot gain higher. 
Water pick-up 
In offset lithographic printing, a delicate ink-water 
balance is essential for printing quality. It is not 
completely true to state that the lithographic process is 
based on the fact that ink and water do not mix. In fact, 
Southworth and Southworth (1989) indicated that inks do 
absorb some water, normally at the 30-40 percent level, but 
this should level out when they reach their limit. The water 
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pick-up of an ink will reduce the viscosity and tack of the 
ink, which, in turn, creates dot gain problems. 
Paper and dot gain 
Generally, there are two major categories of paper 
types: uncoated, which includes newsprint, some magazine 
papers, bound, and most book paper; coated, which includes 
most magazine papers and high finish and glossy papers 
(Bruno, 1986). Printers can, however, rely on assistance from 
their suppliers in making selections of both coated and 
uncoated stocks. The printability of each of the paper types 
is determined by its surface properties such as acceptability 
of ink transfer and amount of absorption. 
Absorbencv 
Absorbency is the property that determines at what rate 
and in what amount the ink penetrates the paper. Killeen 
(1995) stated: 
The more absorbent the paper, the higher the dot gain 
percentages will be.... The rate of absorption plays a 
key role in the amount of dot gain on press. When ink 
is set on an absorbent paper, it will penetrate the 
paper and spread, (p. 35) 
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The findings of an experiment conducted by MacPhee and Lind 
(1991) also support that uncoated papers have a rough surface 
that absorbs and lets the ink spread, and therefore, produce 
greater dot gain than coated paper. 
Smoothness 
The surface of uncoated papers is filled with much 
irregularity, intertwined cellulose fibers that create peaks 
and valleys (Adams, Faux, & Rieber, 1996). To smooth out 
this surface irregularity of the uncoated paper, it is ideal 
to coat the paper surface with a clay-like material to create 
coated paper. Since coated papers have less surface 
deviations from an ideal plane than do uncoated papers, the 
differences in ink acceptance and absorptivity from point to 
point in the surface of coated papers are less than those of 
uncoated papers. Therefore, coated papers tend to improve 
the fidelity of halftone reproductions because they are 
normally less absorbent and smoother than uncoated papers 
(Bruno, 1986). Southworth and Southworth (1989) noted that 
smoothness of a paper is usually visually examined before and 
after drying. 
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Summary 
The literature review provided a historical overview of 
offset lithography, and an overview of the current sheet-fed 
offset lithographic practices. The literature related to 
the dot gain issues in offset lithographic printing was 
reported, including the types of dot gain, the importance of 
dot gain, how to measure and control it, and the factors 
affecting it. Highlights of previous research on dot gain 
were also presented with implications for controlling and 
improving printing quality. 
Previous studies suggested that, due to the complex 
nature of the sheet-fed offset lithographic process and 
quickly changing technology in this industry, dot gain can 
still cause problems in printing quality, although advanced 
electronic prepress systems and sophisticated densitometry 
have brought some measure of control to the problem of dot 
gain. It is important to remember that dot gain is an 
inherent part of the offset lithographic printing process. 
Setting up optimum process operating conditions requires 
experience and experimentation. 
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CHAPTER III. METHODOLOGY 
This section describes the methods and procedures 
employed in fulfilling the objectives of this study. 
According to Isaac and Michael (1990), this study is 
4 
considered truly experimental in nature. A randomized 2 
factorial design was selected in which every factor was run 
at two levels. This resulted in a total of sixteen different 
treatment combinations. This section consists of the 
following topics: 
1. Experimental Design, 
2. Instrumentation, 
3. Sampling, 
4. Data Collection, and 
5. Analysis. 
Experimental Design 
4 
A randomized 2 factorial design was employed in which 
every factor was run at two specified levels (fixed effects) 
determined based upon the practical operating conditions 
using the Heidelberg GTO offset lithographic press at the 
Iowa State University Printing Services Department. This 
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resulted in a total of sixteen different treatment 
combinations. Ten observations were systematically recorded 
for each of the sixteen treatment combinations for a total 
sample size of 160. The four factors were (A) fountain 
solution pH (pH), (B) paper types (coated vs. uncoated) , (C) 
plate-to-blanket pressure (Plt/B pressure), and (D) blanket-
to-paper pressure (B/Ppr pressure). A randomized design 
(the run order for the sixteen treatment combinations was 
randomly determined) was applied to reduce bias introduced by 
unplanned changes in the experiment (Cochran & Cox, 1992) . 
The primary considerations of choosing a factorial design for 
this research included: 1) it was more efficient than one-
factor-at-a-time experiments; 2) it was necessary because the 
factor interactions may be present and need to be 
investigated; and 3) it allowed the effects of a factor to be 
estimated at two levels of the other factors, yielding 
conclusions that would be valid over a broad range of 
experimental conditions (Montgomery, 1991). Table 3.1 
4 depicts the 2 fixed factorial design which contains sixteen 
treatment combinations. 
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Table 3.1. 2 fixed factorial design of the study. 
Low Plt/B Pressure High Plt/B Pressure 
Low B/Ppr 
Pressure 
High B/Ppr 
Pressure 
Low B/Ppr 
Pressure 
High B/Ppr 
Pressure 
Low 
PH 
Coated 
Paper 
Uncoated 
Paper 
High 
pH 
Coated 
Paper 
Uncoated 
Paper 
Variables of the study 
There are many variables affecting dot gain from film to 
plate to printed substrate in the sheet-fed offset printing 
process, and most of them are interdependent. It is not 
possible to study all the variables at the same time. One 
delimitation of this study was that only those variables 
suspected of significantly affecting dot gain on sheet-fed 
offset presses were investigated {experimental variables) and 
those variables controlled for in everyday practice or other 
than press factors were held constant. Table 3.2 summarizes 
the experimental variables and variables that were controlled 
and how they were controlled. 
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Table 3.2. Experimental and controlled variables. 
Variedales Materials /Eq[ui.pmen'k Controlled, 
or Not 
Dot Shape 0.9 Ellipticity Yes 
Screen Ruling 133 lines per inch dpi) Yes 
Imagesetter Panther Pro 36 by 
Prepress 
Yes 
(Linearized) 
Press Heidelberg GTO Kompac 2-
Color Sheet-fed press 
Yes 
Paper Types Uncoatecf (-), Coatee^ (+) No 
Plates Fuji PS-Plates FNS-R, 
(Negative Working) 
Yes 
Inks Kohl Madden Soy Ink Yes 
Plate Exposure 
Control 
Fuji Guide T & UGRA Plate 
Control Wedge 
Yes 
Fountain Solution pif 4.0 (-), 4.5 (+) No 
Amount of Alcohol in 
the Fountain Solution 
0.5 OZ of Aquanol per 
gallon of water 
Yes 
Types of Blankets Reeves Compressible Yes 
Press Speed 6,000 impressions per 
hour (iph) 
Yes 
Plate-to-Blanket 
Pressure 
0. 003 in. (-), 
0.006 in. (+) 
No 
Blanket-to-Paper 
Pressure 
level 0 (-) , 
level 0.1 (+) 
No 
Ink Feed Rate Controlled by Ink Density Yes 
Water Feed Rate Controlled by Ink Density Yes 
Ink/Water Balance Controlled by Ink Density Yes 
Pressroom Temperature 76°F (24.44°C) Yes 
Pressroom Relative 
Humidity 
52% Yes 
Press Operator Karen Pack Yes 
® Uncoated Paper: 70# white offset. 
^ Coated Paper: 70# gloss. 
^ One step fountain solution concentrates. 
62 
Instmanentation 
The purpose of this section is to describe the 
measurement of dot area and dot gain. Dot gain refers to the 
difference between the dot areas on the film used to make the 
plates and the dot areas on the plate, between the dot areas 
on the plate used to produce the prints and the dot areas on 
the printed substrate (paper), or between the dot areas on 
the film and the dot areas on the printed paper. 
Measuring dot area on the film 
The measurement of dot gain involves the measurement of 
the dot areas on transparent film where there are no surface 
and internal reflections, and the diffusion of light plays an 
important role. The measurement of dot area on the computer-
generated film was done with a X-Rite® 361DTP, a transmission 
densitometer using Murray-Davies (M-D) equation (X-Rite, 
1994). The densitometer was zeroed on the film base before 
measuring the dot area on the film. This densitometer was 
also being used for the imagesetter calibration and 
linearization. The basic measurements were density and dot 
areas. 
63 
Measuring the dot area on the film generated by the 
imagesetter using a X-Rite® 361DTP transmission densitometer 
was an important procedure to insure that the imagesetter was 
linearized. In other words, there were zero gain for the 
dots on the computer-generated film because the imagesetter 
was verified to be at a stage of linearization. For example, 
50% dots on the film were read as 50% by the transmission 
densitometer. 
Controlling plate exposure 
The imagesetter that was used to produce the film for 
this experiment was calibrated and linearized. Thus, extreme 
care was necessary during the platemaking process to insure 
the dot gain from the film to the plate was standardized for 
all of the plates (for example, 6%). Extreme care was taken 
to standardize the exposure time and development time to 
achieve the same percentage of dot gain for all of the plates 
that were used to run the experiment. The two plate control 
guides listed below were used to monitor plate exposure: 
1. Fuji Guide (15 Step Transmission Sensitivity Guide), 
i.e., solid step #3. 
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2. UGRA Plate Control Wedge to control plate exposure, 
i.e., solid step #4. 
Measuring dot area on the plate 
The main objective of this study was to investigate the 
factors that may influence dot gain on the sheet-fed offset 
lithography press and, then, optimize the process to achieve 
and maintain quality printing. The primary focus of this 
experiment was to study the dot gain from plate to printed 
paper. In other words, the film-making and plate-making 
processes should be standardized before the experiment so 
that the dot gain from film to plate would be standardized. 
The question was how to measure dot gain from film to 
plate. Many studies and the Committee for Graphic Arts 
Technologies Standards (CGATS), accredited by the ANSI 
(American National Standard Institute) in 1989, recommend 
that the adoption and use of transmission densitometers 
employing the Murray-Davies (M-D) equation to measure dot 
area on film should become the general practice in the 
graphic arts industry (ANSI.CGATS.9-1994, 1994). Then, the 
question remained how to measure dot area on the plate. Can 
reflection densitometers read printing plates accurately? 
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Are the reflection readings from printing plates by using 
densitometers reliable and accurate? For the answers of 
those two questions, there is no agreement among densitometer 
manufacturers, offset printers, and researchers in the field 
of offset lithography. R. D. Cavin (personal communication. 
May 1996) and A. P. Stanton (personal communication. May 
1996) emphasized that: 
• Reflection readings from printing plates using 
densitometers do not, in many cases, provide realistic 
dot areas for highlight and quartertone values. 
• Several studies have indicated that dot areas calculated 
from reflectance measurements on printing plates are not 
always predictive on press. 
Nevertheless, two systems were selected to measure dot area 
on the plates in this experiment for the purpose of 
evaluating the consistency of the platemaking process: 
1. Reflection Densitometer: Betalog PlateMaster (Beta® 
Industries), 
2. Optical Image Capture System at the ISU Image Analysis 
Facility directed by Margaret Carter. 
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Measuring dot area on the printed paper 
The following reflection densitometer was employed to 
measure dot gain percentages on the final printed sheets for 
this study: 
• Reflection Densitometer: X-Rite® 418. 
Sampling 
Two print tests were run at the ISU Printing Services 
Department. The first run served as a pilot test to 
familiarize the press operator with printing the test form. 
The second run was the actual printing experiment where press 
sheets were sampled. The order for the sixteen runs was 
determined randomly. The press was made ready using the 
desired materials and conditions specified in Table 3.2 and a 
test form having an image area with a known accuracy. The 
make-ready operation was continued until the target densities 
were achieved. 
After each press run, the press was shut down and 
cleaned, the run counter was set to zero, and the desired 
materials and conditions were made ready for the next run. 
The press was run at a speed of 6,000 impressions per hour 
(iph) for each of the sixteen runs. During each press run. 
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the ink density was balanced out across the sheet to between 
1.55 and 1.65 for the coated paper and between 1.40 to 1.50 
for the uncoated paper. Each press run lasted for 10 minutes 
after the press was determined to be at equilibrium, and 
samples were pulled every 100 impressions. Consequently, ten 
printed sheets were collected for each press run, with a 
total of 160 printed sheets gathered for the sixteen runs. 
Da-ta Collection 
Data were collected at the ISU Printing Services 
Department during the experiment. Twenty Fuji PS negative-
working printing plates were exposed to the same degree as 
determined by the UGRA. Plate Control Wedge to insure that the 
dot gain from film to plate was standardized. The 
densitometers used to read the plates and printed paper were 
calibrated and maintained based on the manufacturer 
recommendations to assure data reliability. All of the 
twenty plates were then measured by a reflection 
densitometer, Betalog PlateMaster, which is specially 
designed to measure printing plates. 
Readings of the dot areas at 25% tint, 50% tint, and 75% 
tint, and solid ink density from the twenty plates were 
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recorded and analyzed for the purpose of assessing the 
consistency of the platemaking process. The best sixteen of 
the twenty plates were selected to conduct the sixteen press 
runs. For each press run, ten printed sheets were collected 
and measured by a reflection densitometer, X-Rite® 418. In 
the pressroom, measuring dot gain at 25%, 50%, and 75% and 
solid ink density (SID) from the sampled sheets for each 
press run was conducted and the data were fed into a 
statistical software package automatically via the program, 
X-Key, provided by X-Rite, Incorporated. 
Analysis 
The dependent (response) variable of the 2 factorial 
experiment was the dot gain percentage from film to printed 
paper. The four independent variables were (A) fountain 
solution pH (pH); (B) paper types (uncoated vs. coated); (C) 
plate/blanket pressure (Plt/B); and (D) blanket/paper 
pressure (B/Ppr). Each factor was present at two levels and 
the sixteen press runs were made in random order. The data 
4 
obtained from a single replicate of the 2 experiment were 
arranged into a table format which is shown in Table 3.3. 
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Table 3.3. Table format for recording the data obtained 
from a single replicate. 
Run 
No. A 
Factors 
B 
Treat. 
Comb. 
Run 
Order 
Mean 
DG at 
25% 
Mean 
DG at 
50% 
Mean 
DG at 
75% 
Mean 
SID 
Value 
1 - - - - (1) 11 
2 + - - - a 6 
3 - + - - b 10 
4 + + - - ab 15 
5 - - + - c 7 
6 + - + - ac 13 
7 - + + - be 5 
8 + + + - abc 8 
9 - - - + d 2 
10 + - - ad 16 
11 - + - + bd 9 
12 + + - + abd 14 
13 - - + + cd 12 
14 + - + + acd 4 
15 - + + + bed 3 
16 + + + + abed 1 
Factor: 
Factor Level 
+ 
(A) fountain solution pH (pH) 4.0 4.5 
(B) paper types (paper) uncoated coated 
(C) plate/blanket pressure (plate-bk) 0.003 in. 0.006 in. 
(D) blanket/paper pressure (bk-paper) level 0 level 0.1 
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The table of plus and minus signs for the contrast 
4 
constants for this 2 factorial design were displayed in Table 
3.4. Fifteen of these factorial effects listed in the first 
row of Table 3.4 were estimated. 
4 
Table 3.4. Contrast constants for the 2 factorial design. 
A B AB C AC BC ABC D AD BD ABD CD ACD BCD ABCD 
(1) - - + - + + - - + + - + - - + 
a + - - - - + + - - + + + + - -
b - + - - + - + - + - + + - + -
ab + + + + + + + 
c - - + + - - + - + + - - + + -
ac + - - + + - - - - + + - - + + 
be - + - -1. - - - + - + - + - + 
abc + + + + o- •1. + 
d - - u. - -r + - + - - + - + + -
ad + - - - - + + + + - - - - + 
bd - + - - + - + + - + - - + -
abd + + - - - - + + + + - - - -
cd - - + + - - + + - - + -f - - + 
acd + - - 4. + - - + - - + + - -
bed - + - + - + - + - T - + - + -
abed + + + + + + + + + + + + + + + 
Summary 
The statistics software that were used to analyze the 
data were Minitab lO.Xtra and SPSS 6.1. The following 
statistical procedures were employed to study the process 
stability and capability and the effects of the four factors 
on dot gain on the press: 
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1. Analysis of Variance (ANOVA), 
2. Control Charts, 
3. Correlation Analysis, 
4. Descriptive Statistics, 
5. Factor Analysis, 
6. Fitted Factorial Model, 
7. Regression Model, and 
8. Reliability Analysis. 
The results are reported in Chapter IV. 
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CHAPTER IV. RESULTS AND FINDINGS 
This chapter reports the results and findings gained 
through analyses of the data obtained from the factorial 
experiment. The results and findings are organized into five 
sections: 
1. Research Objectives and Hypotheses of the Study, 
2. General Description of the Experimental Results, 
3. Results of the Hypothesis Testing, 
4. Additional Findings, and 
5. Summary. 
Research Objectives and Hypo-bheses of the Study 
The statistical procedures employed to analyze the data 
were based on the needs dictated to the objectives and 
hypotheses of the study. The objectives of the study were: 
1. to identify the most important factors that influenced 
the "on press" dot gain on the sheet-fed offset 
lithography press and their effects on the dot gain 
percentages. 
2. to optimize the process operating conditions utilizing 
the Heidelberg GTO at the ISU Printing Services 
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Department so that the minimum yield of dot gain would 
be obtained. 
3. to establish a standardized procedure to maintain 
printing quality on sheet-fed offset presses by 
controlling the percentage of dot gain. 
The four factors of this study were 1) fountain solution 
pH (Xi); 2) paper types (X2); 3) plate-to blanket pressure 
(X3) ; and 4) blanket-to-paper pressure (X4) . The dependent 
variable (Y) was the total dot gain percentage from film to 
paper. The general full regression model containing all the 
main effect and interaction terms is displayed below: 
Y = a + PiXi + P2X, + 133X3 + P4X4 + P5X1X2 + ^6^1X3 + p7XiX4 + P8X2X3 
+  P S X 2 X 4  +  P 1 0 X 3 X 4  +  P 1 1 X 1 X 2 X 3  +  P 1 2 X - X 2 X 4  +  p i 3 X : X 3 X 4  +  P T 4 X 2 X 3 X 4  
+  P 1 5 X 1 X 2 X 3 X 4  + 8  
The null hypotheses of this study are listed as follows: 
1. Null Hypothesis 1 (Ho-25%) ' The mean effects of 1) 
fountain solution pH; 2) paper types; 3) plate-to-
blanket pressure; and 4) blanket-to-paper pressure on 
the total dot gain at 25% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
Ho-25%: Pi = Or where i = 1, 2, 3, , 15. 
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2. Null Hypothesis 2 (Ho-50%) ' The mean effects of 1) 
fountain solution pH; 2) paper types; 3) plate-to-
blanket pressure; and 4) blanket-to-paper pressure on 
the total dot gain at 50% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
Ho-50%: Pj = Oa where j =1, 2, 3, 15. 
3. Null Hypothesis 3 (HQ-75%) : The mean effects of 1) 
fountain solution pH; 2) paper types; 3) plate-to-
blanket pressure; and 4) blanket-to-paper pressure on 
the total dot gain at 75% tint on the Heidelberg GTO do 
not significantly differ from zero; that is, 
HO - 7 5 % :  Pk = 0, where k = 1, 2, 3, 15. 
General Description of the E3q>erimental Results 
Data were collected at the Printing Services Department 
at Iowa State University during the experiment. Twenty Fuji 
FNS-R PS negative working plates were exposed to the same 
degree {12-unit exposure) as determined by the UGRA Plate 
Control Wedge to insure that the dot gain from film to plate 
was standardized. For each press run, ten printed sheets 
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were collected systematically and measured by a X-Rite® 418 
reflection densitometer. 
Dot gain measurement on the plates 
Images on all of the twenty plates were measured by a 
reflection densitometer utilizing the Murray-Davies equation, 
Betalog Platemaster from Beta Industries, which is specially 
designed to read printing plates. Table 4.1 displays the dot 
gain percentages at 25% tint, 50% tint, and 75% tint, solid 
ink density (SID) reading, and the basic descriptive 
statistics for the twenty plates. 
As shown in Table 4.1, the dot gain from the film to 
plates was greatest in the midtone area (50%) and smallest in 
the three-quartertone (75%) area. The average dot gain on 
the plates was 7.40% for the 25% dots, 9.35% for the 50% 
dots, and 6.93% for the 75% dots. The variance of the dot 
gain values was greatest in the quartertone area and smallest 
in the three-quartertone area. The main purpose of measuring 
the solid ink density (SID) was to examine the consistency of 
the platemaking process. From Table 4.1, the SID readings 
suggested that the platemaking process was very consistent 
(variance = .000016). 
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Table 4.1. Dot gain (%) (DG%) at three tints and solid ink 
density measurements of the plates. 
Plate No. DG% at 25% DG% at 50% DG% at 75% SID 
1 6.5 9.5 7.0 .710 
2 7.0 9.0 7.0 .710 
3 7.0 9.5 7.0 .715 
4 7.5 10.0 7.0 .720 
5 
o
 
CO 
9.5 7.0 .720 
6 7.0 
O
 
00 
7.0 .710 
7 7.0 9.0 6.5 .720 
8 7.5 9.5 7.0 .725 
9 7.5 9.5 7.0 .720 
10 8.0 9.5 6.5 .720 
11 7.0 9.0 7.0 .720 
12 
o
 
00 
O
 
O
 
7.0 .720 
13 7.0 9.0 7.0 .720 
14 8.0 9.5 7.0 .720 
15 7.0 9.0 7.0 .725 
16 8.0 9.5 7.0 .720 
17 7.5 9.0 7.0 .715 
18 
o
 
00 
o
 
o
 
6.5 -720 
19 7.5 9.5 7.0 .720 
20 7.0 9.5 7.0 .720 
Mean 7.40 9.35 6.93 .720 
Std. Dev. .48 .46 00
 
.004 
Variance .23 .21 O
 
to
 
.000^ 
Range 1.50 2.00 .50 .015 
Minimum 6.5 
o
 
00 
6.5 .710 
Maximum 00
 
o
 
10.0 7.0 .725 
^ 0.000016 
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The control charts for the dot gain percentage at 50% 
(See Figure 4.1) and solid ink density (See Figure 4.2) areas 
of the plates were constructed to assess the consistency of 
the plates. The decisions to assess dot gain at the 50% dots 
(midtone) and the solid ink density were based on: 1) the 
midtone is the most critical area for color variation; 2) the 
increase in the dot area over the value of the original film 
is greatest in the midtone dots; and 3) assessing dot gain at 
50% tint is a conventional (standard) practice in the offset 
printing industry (SWOP, 1993). 
UCL=10 .89 
X=9.350 
LCL=7.810 
Observation Number 
Figure 4.1. Control chart for dot gain at 50% dots of the 
plate. 
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d A A u 
a 
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X=0.718 5 1 / 1 / \ / 
V 
a 
1 / V 
f 
u 0 .71- 1 7 V LCL=0.7101 
e 2 6 
1 1 
0 10 
1 
20 
Observation Number 
Figure 4.2. Control chart for the solid ink density of the 
plates. 
Figure 4.1 shows that the platemaking process was in 
control and the dot gain values were all within two standard 
deviations from the mean (9.350) with the exception of plate 
6. Figure 4.2 suggests that plates 1, 2, and 6 might not be 
the plates for the press runs, although the platemaking 
process was in control. 
Based on Table 4.1, Figure 4.1, and Figure 4.2, it was 
concluded that the platemaking process was in control and the 
readings for the 50% dots and solid ink density were 
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consistent. Plates 1, 2, 3, and 6 were discarded and 
therefore were not used for the sixteen press runs. 
Dot gain measurements on the paper 
In the pressroom, dot gain percentages at 25%, 50%, and 
75% tint and the solid ink density (SID) were measured from 
the sampled sheets for each press run, and the data were fed 
into two statistical software packages (SPSS and Minitab) 
automatically via the program X-Key, provided by X-Rite, 
Incorporated. The average dot gain values for 25%, 50%, and 
75% dots and the average ink density value were computed 
based on the ten measurements for each of the sixteen runs 
(See Table 4.2). The detailed descriptive statistics 
categorized by dot gain values for the three dot areas and 
the individual factor levels are exhibited in Appendix A. 
Table 4.2. General descriptive statistics for the dot gain 
values and SID. 
Category Mean Std Dev Variance Skewness® Kurtosis^ N 
DG625% 28.531 8.198 67.207 0.212 -1.724 160 
DG05O% 30.925 6.978 48.699 0.186 -1.727 160 
DG@75% 19.112 3.704 13.723 0.139 -1.788 160 
SID 1.320 0.125 0.016 0.017 -1.679 160 
^ 3^^ moment, a measure of the deviations from symmetry. 
^ 4^ moment, a measure of the relative flatness. 
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Table 4.2 displays the general descriptive statistics 
for the 160 observations categorized by the three dot sizes 
and solid ink density. It implies that the 50% dots have the 
greatest gain, followed by the 25% and 75% dots. To verify 
that there are significant differences among the mean (|i) dot 
gain percentages at 25%, 50%, and 75% tint, two-sample t 
tests and confidence interval (C.I.) estimations for the mean 
differences were performed with the results displayed in 
Table 4.3. Figure 4.3 (mean dot gain bars) provides a 
graphical presentation of the dot gain differences among the 
three dot sizes. 
Table 4.3-reveals significant differences on the mean 
dot gain percentages among 25%, 50%, and 75% dots. The mean 
dot gain value of the 50% dots was 2.39% higher than that of 
the 25% dots (}i DG%@50% - p. DG%025% = 2.39%) and the mean dot 
gain value of the 50% dots was 11.81% higher than that of the 
75% dots (|I DG%@50% - ji DG%@75% = 11.81%). Table 4.4 
presents a summary of the factors, factor levels, run order, 
treatment combinations, dot gain values, and solid ink 
density values. The data recorded in Table 4.4 were used to 
perform the factorial analysis, regression analysis, and 
analysis of variance in the next section. 
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Table 4.3. Two-sample t and 95% C.I. for comparing the mean 
dot gain values among 25%, 50%, and 75% dots. 
N Mean (%) Std Dev SE Mean 
DG%@50% 160 30.93 6.98 0.55 
DG%@25% 160 28.53 8-20 0.65 
DG%@75% 160 19.11 3.70 0.29 
95% C.I. for "p. DG%@50% - DG%(a25%": (0.72, 4.07) 
t-Test " 11 DG%05O% = \L DG%@25% (vs. >)" : T= 2.81 P= 0 .0026^ 
95% C.I. for DG%@50% - \L DG%075%": (10.58, 13.04) 
t-Test " |i DG%05O% = DG%075% (vs. >)" : T= 18.91 P= 0.0000^ 
95% C.I. for DG%025% - DG%075%" : (8.20, 10.82) 
t-Test \L DG%025% = H DG%075% (vs. >)" : T= 13.24 P= 0.0000= 
a, b, s c -pj^gse were not simultaneous protected 95% 
confidence intervals, and were NOT based on the 
assvimption of equal variance. 
(T5 
o 
32 Y 
30 
28 
26 
^ 24 
§ 22 
0) S 
20 
18 
16 
, rr?-; : ; ; 
• r  •  
DG%@25% DG%@50% DG%@75% 
Figure 4.3. Mean dot gain differences. 
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Table 4.4. The mean dot gain (DG) percentages and solid ink 
density for the sixteen runs arranged in Yates 
(standard) order. 
Factors 
Run Xi X2 X 3  X4 Treat. Run Mean Mean Mean Mean 
No. Comb. Order DG at 
25% 
DG at 
50% 
DG at 
75% 
SID 
Value 
1 - - - - (1) 11 37.4% 37.8% 22.9% 1.21 
2 + - - - a 6 35.2 37.1 22.4 1.21 
3 - + - - b 10 20.3 23.3 15.0 1.42 
4 + + - - ab 15 20.4 23.8 15.2 1.42 
5 - - + - c 7 40.4 40.9 24.0 1.24 
6 + - + - ac 13 39.8 40.9 23.9 1.23 
7 - + + - be 5 20.1 24.5 15.8 1.47 
8 + + T - abc 8 19.6 23.9 15.6 1.42 
9 - - - + d 2 35.5 36.7 22.4 1.19 
10 + - - + ad 16 32.6 34.4 20. 9 1.16 
11 - + - + bd 9 21.3 23.5 15.0 1.44 
12 + + - 4. abd 14 21.7 25.3 15.9 1.41 
13 - - + + cd 12 38.3 39.1 23.8 1.21 
14 + - + + acd 4 31.2 33.6 20.9 1.15 
15 - + + + bed 3 21.1 24.9 15. 9 1.48 
16 + + + + abed 1 21.6 25.1 16.2 1.46 
Grand Mean 28.53 30.93 19.11 1.32 
Std. Dev. 8 . 2 0  6.98 3.70 0.13 
Factor Level 
Factor 
(Xi) fountain solution pH (pH) 
(X2) paper types (paper) 
( X 3 )  plate/blanket pressure (plate-bk) 
( X 4 )  blanket/paper pressure (bk-paper) 
4.0 
uncoated 
0.003 in. 
level 0 
4.5 
coated 
0.006 in. 
level 0.1^ 
^Level 0.1 produces more blanket-to-paper pressure (0.1 
mm more) than Level 0 does. 
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Resul'ts of the Hypothesis Testing 
In this section, results and findings for each 
hypothesis are presented. The findings and results are 
divided into three main parts based on the three dot tints 
(25%, 50%, and 75%) so that they could be better understood. 
The mean dot gain values of the ten measurements for each 
press run used to perform the following hypothesis tests are 
listed in Table 4.4. 
Hypothesis 1: mean effects on the 25% dots 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 25% 
tint on the Heidelberg GTO do not significantly differ from 
zero; that is, 
Ho-25%: pi = 0, where i = 1, 2, 3, 15. 
The purpose of this hypothesis was to examine the 
average effects of the four variables (Xi, X2, X3, X4) on the 
total dot gain for the 25% dots. The Fit Factorial procedure 
by Minitab was utilized to analyze all of the sixteen terms 
in the full model to obtain the effect estimations and 
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analysis of variance (ANOVA) results. The outcomes are 
displayed in Table 4,5, Table 4.6, Figure 4.4, and Figure 
4.5. The main effects on the total dot gain at the 25% tint 
are presented in Table 4.5 and Table 4.5 displays the results 
of the ANOVA. Figure 4.4 provides the main effect plots for 
the four factors, and the Normal Probability plot of the 
effects shown in Figure 4.5 was used to help determine which 
effects were significant. 
The findings and discussion for the 25% dots 
1. The ANOVA shown in Table 4.6 does not provide complete 
test results for Hypothesis 1 (Ho-25%) due to the lack of 
information on the F values (see the footnotes for Table 
4.6). An ANOVA for a reduced model might be necessary 
to obtain the test result. The information about the 
reduced model can be obtained through examining Table 
4.5 and Figure 4.5. 
2. Table 4.5 and Figure 4.4 show that the main effect of 
paper (X2) was negative (-15.538) and had the greatest 
impact on the dot gain among the four factors. The 
estimated main effects of the foundation solution pH 
(Xx) and the blanket-to-paper pressure (X4) were also 
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3. 
negative (-1.538 and -1.238). The only positive main 
effect was from the plate-to-blanket pressure (0.963). 
The X2*X4 interaction was the second largest effect, and 
its effect was positive (2.563). 
It is important to note that the main effects of Xi, X3, 
and X4 are relatively small, compared with the main 
Table 4.5. Estimated effects and coefficients, 
25% dots. 
full model. 
Term Effect Coefficient 
Constant 28.531 
main effect 
main effect 
main effect 
main effect 
2-way interaction 
2-way interaction 
2-way interaction 
2-way interaction 
2-way interaction 
2-way interaction 
3-way interaction 
3-way interaction 
3-way interaction 
3-way interaction 
4-way interaction 
^ the two most important effects 
Xi (pH) 
X2 (paper) 
X3 (plate-bk) 
X4 (bk-paper) 
Xi*X2 
Xi*X3 
Xi*X4 
X2*X3 
X2*X4 
X3*X4^ _ 
Xi*X2*X3 
Xi*X2*X4 
Xi*X3*X4 
X 2 * X 3 *  X 4  
Xi*X2* X3*X4 
-1.538 
-15.538^ 
0.963 
-1.238 
1.663 
-0.388 
-0.737 
-1.287 
2.563^ 
-0.687 
0.262 
1.062 
-0.637 
0.862 
0.812 
-0.769 
-7.769 
0.481 
-0.619 
0.831 
-0.194 
-0.369 
-0.644 
1.281 
-0.344 
0.131 
0.531 
-0.319 
0.431 
0.406 
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effect of X2 (paper types). Figure 4.4 clearly 
identifies "paper" as the dominant factor affecting dot 
gain among the four independent variables and it could 
offset the significance of the other effects. 
Table 4.6. Analysis of variance, full model, 25% dots. 
Source DF Seq. 33 Ad j . ss Adj. MS F P 
Main Effects 4 984. 94 984. 94 246.236 
2-Way Interactions 6 •
 
CO 
62 • 
CO 
62 8.103 * • 
3-Way Interactions 4 9. 39 9. 39 2.348 
4-Way Interactions 1 2. 64 2. 64 2.641 *• 
Residual Error 0 0. 00 0. 00 0.000^ 
Total 15 1045. 59 
^ There is no information on the true replication error 
because there is no replication beyond the single point 
at each combination. 
^ There is no information on the F values due to the 
zero replication error. 
Main Effects Plot - Means for MDG@25%t 
36 -
32 -
M 
e 
28 -a 
n 
24 -
2 0  - I  
Plate-Bk Bk-Paper Paper 
Figure 4.4. Main effects plot for the 25% dots. 
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4. The Normal Probability plot of the effects is displayed 
in Figure 4.5. All of the effects that lie along the 
straight line are negligible, whereas the large effects 
are far from the line. The important effects that 
emerge from this analysis are the main effects of X2 and 
the X2*X4 interactions. 
p 
r 
0 
b 
a 
b 
1 
1 
i 
t 
y 
, 999. 
. 99. 
. 95, 
. 80' 
. 50' 
.20. 
. 05. 
. 01-
001-
• 
±:-
<2 
• 
-15 
Average: -0.924167 
Std Dev: 4.21382 
N of data: 15 
-10 -5 0 
Effects on MDG@25%t 
Anderson-Darling Normality Test 
A-Squared: 2.464 
p-value: 0.000 
Figure 4.5. Normal probability of the effects on the 25% 
dots. 
Although the ANOVA (see Table 4.6) does not provide 
complete test results for Hypothesis 1 (Ho_25%) due to the lack 
of information on the F values, Figure 4.5 and Table 4.5 
reveal that the effects of X2, X4, and X2*X4 should be 
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included in the reduced model. Therefore, a Fit Factorial 
procedure and a Regression analysis that included only the 
terms of X2, X4, and X2*X4 were applied to test Hypothesis 1 
(HO-25%) 3nd obtain the prediction information for the dot gain 
values. The results are exhibited in Table 4.7 and 4.8. 
Table 4.7. Analysis of variance, reduced model, 25% dots. 
Source DF Seq. SS Adj. SS Adj. MS F P 
Regression 3 998.05 998.05 332.68 83. 96 0.000* 
X2 1 965.66 965.66 965.66 243. 71 0.000* 
X4 1 6.12 6.12 6.12 1. 55 0.237 
X2*X4 1 26.27 26.27 26.27 6. 63 0.024* 
Error 12 47.55 47.55 3.96 
Total 15 1045.59 
* significant at a = 0.05 level. 
Table 4.8. Estimated effects and coefficients, reduced 
model, 25% dots. 
Term Effect Coefficient Std Coef t-value P 
Constant 28 .531 0.4976 57.33 0 .000 
X2 -15.538 -7 .769 0.4976 -15.61 0 .000 
X4 -1.238 -0 .619 0.4976 -1.24 0 .237 
X2*X4 2.563 1 .281 0.4976 2.57 0 .024 
Prediction Equation: 
MDG%@25% = 28.531 - 7.769 X2 - 0. 619 X4 + 1. 281 X2X4 
R-sq. = 95. 5%, R-sq. (adj , . )  =  94. 3% 
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As shown in Table 4.7, the results of the ANOVA reveal 
that Ho-25% was rejected (F = 83.96, P = 0.000). It was 
concluded that the main effect of "paper" (X2) and the "paper" 
and "blanket-to-paper pressure" interaction (X2*X4) effect on 
the total dot gain at the 25% tint on the Heidelberg GTO 
significantly differed from zero at the 95% confidence level. 
The results of the estimated effects and coefficients of 
the regression equation are exhibited in Table 4.8. The 
regression equation used to predict the mean dot gain 
percentages for the 25% dots (MDG%@25%) is 
MDG%@25% = 28.531 - 7.769 X2 - 0.619 X4 + 1.281 X2X4. 
(Equation 4. a) 
The predicted mean dot gain values for the sixteen runs and 
their standards deviations, 95% confidence intervals, and 95% 
prediction intervals are displayed in Appendix B. The 
value (95.5%) in Table 4.8 implies that the reduced model (X2, 
X4, and X2*X4 together) explains approximately 95.5% of the 
total variability in the total dot gain for the 25% dots. 
Examining the important effects for the 25% dots 
As shown in Table 4.7 and 4.8, the two most important 
effects are the main effect of "paper" {X2) and the interaction 
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effect of "paper" and "blanket-to-paper pressure" (X2*X4) . 
Figure 4.6 and 4.7 display the main effect plot of X2 and the 
interaction plot of X2*X4 to help interpret their effects on 
the dot gain phenomena at the 25% tint. As shown in Figure 
4.6, the main effect of paper on the mean dot gain values was 
negative. It clearly indicates that printing on the coated 
paper resulted in less dot gain for the 25% dots than on the 
uncoated paper. In addition, it is important to note that 
the dominant effect was the main effect of paper, which might 
mislead the results of the experiment simply because its 
overwhelming effects could offset the significance of the 
other effects. Therefore, there is a need to separate the 
variable "paper (X2)" from the data analyses in order to 
explore more explicit relationships among the variables and 
obtain more accurate estimations for the effects associated 
with Xi, X 3 ,  and X 4 .  
Figure 4.7 implies that the blanket-to-paper pressure 
{X4) had little effect on the dot gain when coated paper was 
used, but a large effect when uncoated paper was printed. 
Therefore, the smallest dot gain sizes would appear to be 
obtained when X2 is at the high level (coated paper) and X4 is 
at the low level (lower blanket-to-paper pressure). 
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Main Effect Plot of Paper (X2) -Mean for DG@25% 
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Figure 4.6. Main effect plot of paper (X2) . 
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Examination of the residuals of the dot gain values for 
the 25% dots 
A residual is the difference between the observed value 
of the dependent variable and the value predicted by the 
regression line. It is important to examine the residual 
plots to check whether the required assumptions of linearity, 
normality, constant variance, and independence of 
observations are met because residuals are conceived as a 
measure of the error component in a regression analysis. A 
number of summary statistics such as are based on the 
average size of residuals. Such summary statistics are 
useful in determining whether the fit of the regression 
equation is good or bad, and whether the explained variation 
is adequate. 
The iX)E (Design of Experiments) procedure by Minitab 
provides four residuals plots at a time. The four residuals 
plots for the 25% dots based on the Equation 4.a are 
exhibited in Figure 4.8. The examination results are listed 
and discussed as follows: 
1. The points on the normal probability plot of the 
residuals in Figure 4.8 lie reasonably close to a 
straight line, lending support to the conclusion that X2 
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and X2*X4 were the only significant effects and that the 
underlying assumptions of the analysis are satisfied. 
2. The histogram of residuals in Figure 4.8 is 
approximately normally distributed and symmetrically 
about zero. This suggests that there were no problems 
with normality and equality of variance. 
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3. The purpose of plotting residuals against the run orders 
is to assess the independence of the observations on the 
dependent variable (as would occur in random sampling). 
The I (individual run) chart of the residuals shown in 
Figure 4.8 does not provide any information about the 
assiamption of independent observations simply because 
the observation number shown in the plot is not the 
actual run order. Therefore, one cannot conclude from 
that plot whether there was a time effect. If the 
observation numbers do match the run orders and the 
assumption of independent observations is satisfied, 
then the residuals should appear to fluctuate randomly 
about zero with no particular trend as the observation 
number changes. This would suggest that the 
observations on the dependent variable (dot gain 
percentage) are statistically independent. 
4. The last plot in Figure 4.8 is the plot of residuals 
versus the predicted dot gain values for Equation 4.a. 
The points on this plot are obviously divided into two 
groups, one with the predicted dot gain value greater 
than 30% and the other with the value less than 30%. 
The variable that engendered these two extreme groups of 
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values was paper. The coated stock was predicted to 
produce less dot gain and smaller range of residuals 
than the uncoated stock. Again, this is a strong 
indication that the 160 observations should be divided 
into two groups, coated paper and uncoated paper, and 
then, the two groups of data should be analyzed 
« 
separately. 
Hypothesis 2: mean effects on the 50% dots 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 50% 
tint on the Heidelberg GTO did not significantly differ from 
zero; that is, 
Ho-50%: Pj = Or where j = 1, 2, 3, 15. 
The purpose of this hypothesis was to examine the mean 
effects of the four variables (Xi, X2, X3, X4) on the total 
dot gain for the 50% dots. The Fit Factorial procedure by 
Minitab was utilized to analyze all of the sixteen terms in 
the full model to obtain the effect estimations and analysis 
of variance. The results are displayed in Table 4,9, Table 
4.10, Figure 4.9, and Figure 4.10. The main effects on the 
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total dot gain at 50% tint are presented in Table 4.9, and 
Table 4.10 displays the results of the analysis of variance 
(ANOVA). Figure 4.9 provides the main effect plots for the 
four factors and the normal probability plot of the effects 
is exhibited in Figure 4.10 to help determine which effects 
were significant. 
The findings and discussion for the 50% dots 
1. The ANOVA (see Table 4.10) does not provide complete 
test results for Hypothesis 2 (Ho_5o%) due to the lack of 
infonnation on the F values. An ANOVA for a reduced 
model might be necessary to obtain the test result. The 
information about the reduced model can be obtained 
through examining Table 4.9 and Figure 4.9. 
2. Table 4.9 and Figure 4.9 indicate that the main effect 
of paper (X2) was negative (-13.275), and had the 
greatest impact on the dot gain among the four factors. 
The estimated main effects of the fountain solution pH 
(Xi) and the blanket-to-paper pressure (X4) were also 
negative (-0.825 and -1.200, respectively). The only 
positive main effect was from the plate-to-blanket 
pressure (1.375). 
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Table 4.9. Estimated effects and coefficients, full model, 
50% dots. 
Term Effect Coefficient 
Constant 30.9250 
Xi (pH) main effect -0.8250 -0.4125 
X2 (paper) main effect -13.2750'' -6.6375 
X3 (plate-bk) main effect 1.3750 0.6875 
X4 (bk-paper) main effect -1.2000 -0.6000 
Xi*X2 2 -way interaction 1.3000 0.6500 
Xi*X3 2 -way interaction -0.6500 -0.3250 
Xl*X4 2 -way interaction -0.6250 -0.3125 
X2*X3 2 -way interaction -0.7500 -0.3750 
X2*X4 2 -way interaction 2.0250^ 1.0125 
X3*X4 2 -way interaction -0.6750 -0.3375 
Xl*X2*X3 3--way interaction -0.0250 -0.0125 
Xi*X2*X4 3' -way interaction 1.1500 0.5750 
Xl*X3*X4 3--way interaction -0.5500 -0.2750 
X2*X3*X4 3--way interaction 0.6500 0.3250 
X l * X 2 *  X 3 *  X 4  4--way interaction 0.4250 0.2125 
® the two most important effects. 
Table 4.10. Analysis of variance, full model, 50% dots. 
Source DF Seq. SS Adj . SS Adj . MS F p 
Main Effects 4 720. 95 720. 95 180. 24 
2-Way Interactions 6 30. 49 30. 49 5. 08 
3-Way Interactions 4 8. 19 8. 19 2. 05 
4-way Interactions 1 0. 72 0. 72 0. 72 * + b 
Residual Error 0 0. 00 0. 00 0. 00^ 
Total 15 760. 35 
® There is no information on the true replication error 
because there is no replication beyond the single point 
at each combination. 
^ There is no information on the F values due to the 
zero replication error. 
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Figure 4.9. Main effects plot for the 50% dots. 
3. It is important to note that the main effects of Xi, X 3 ,  
and X4 are relatively small, compared with the main 
effect of X2 (paper). Figure 4.9 clearly identifies 
that the variable "paper" is the dominant variable 
affecting the dot gain among the four and it might 
counteract the significance of the other effects due to 
its extremely strong effects on the dot gain. 
4. The Normal Probability plot of the effects is shown in 
Figure 4.10. All of the effects that lie along the 
straight line are negligible, whereas the large effects 
are far from the line. The important effects that 
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emerge from this analysis are the main effects of X2 and 
the X2*X4 interactions. 
Based on Figure 4 . 1 0  and Table 4 . 9 ,  it was suggested 
that the terms of X2, X4, and X2*X4 should be included in the 
reduced model. Therefore, a Fit Factorial procedure and a 
regression analysis that included only the terms of X2, X4, 
and X2*X4 were applied to test Hypothesis 2 (Ho-50%) and 
obtain the prediction information for the dot gain values. 
The results are shown in Table 4.11 and Table 4.12. Table 
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Table 4.11. Analysis of variance, reduced model , 50% dots 1. 
Source DF Seq. SS Adj. SS Adj . MS F P 
Regression 3 727.06 727.06 242.35 87, .49 0. 000* 
X2 1 704.90 704.90 704 .90 254, .48 0. 000* 
X4 1 5.76 5.76 5 .76 2. 08 0 .175 
X2*X4 1 16.40 16.40 16 .40 5. 92 0. 032* 
Error 12 33.29 33.29 2.77 
Total 15 760.35 
* significant at a = 0.05 level. 
Table 4.12. Estimated effects and coefficients, reduced 
model, 50% dots. 
Term Effect Coefficient Std Coef t-value P 
Constant 30.925 0.4164 74.27 0.000 
X2 -13.275 -6.638 0.4164 -15.94 0.000 
X4 -1.200 -0.600 0.4164 -1.44 0.175 
X2*X4 2.025 1.013 0.4164 2.43 0.032 
Prediction Equation: 
MDG%@50% = 30. 925 - 6.638 X; - 0.600 X4 + 1.013 X2X4 
R-sq. = 95.6%, R-sq. (adj.) = 94.5% 
4.11 displays the ANOVA information, and the estimated 
effects and coefficients are exhibited in Table 4.12. 
As shown in Table 4.11, the results of the ANOVA 
revealed that Ho-50% was rejected (F = 87.49, P = 0.000). It 
was concluded that the average main effect of "paper" (X2) and 
the "paper" and "blanket-to-paper pressure" interaction 
101 
effect {X2*X4) on the total dot gain at the 50% tint on the 
Heidelberg GTO significantly differed from zero at the 95% 
confidence level. 
The estimated effects and coefficients of the regression 
equation are exhibited in Table 4.12. The regression 
equation used to predict the mean dot gain percentages for 
the 50% dots (MDG%@50%) is 
MDG%@50% = 30.925 - 6.638 Xz - 0.600 X4 + 1.013 X2X4. 
(Equation 4.b) 
The predicted mean dot gain values for the sixteen runs and 
their standards deviations, 95% confidence intervals, and 95% 
prediction intervals are displayed in Appendix C. The 
value (95.6%) in Table 4.12 implies that the reduced model 
(X2, X4, and X2*X4 together) explains approximately 95.5% of 
the total variability in the dot gain for the 50% dots. 
Examining the important effects for the 50% dots 
As shown in Table 4.11 and 4.12, the two most important 
effects were the main effect of "paper" (X2) and the 
interaction effect of "paper" and "blanket-to-paper pressure" 
(X2*X4) . Figure 4.11 and display the main effect plot of X2 
and the interaction plot of X2*X4 to help interpret their 
effects on the dot gain phenomena at 50% tint. As shown in 
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Figure 4.11, the negative main effect of paper on dot gain 
means that printing on coated paper resulted in less dot gain 
for the 50% dots than on the uncoated paper. 
It is important to note that the overwhelming effects 
due to paper might counteract the significance of the other 
effects, and therefore, mislead the experimental results. 
Thus, there is a need to isolate the variable "paper (X2)" 
from the experiment in order to explore definitive 
relationships among the variables and obtain more accurate 
estimations for the effects associated with Xi, X3, and X4. 
Figure 4.12 shows that the blanket-to-paper pressure 
(X4) had little effect on the dot gain when coated paper was 
used, but a large effect did occur when uncoated paper was 
printed. Therefore, the smallest dot gain sizes would appear 
to be obtained when X2 is at the high level (coated paper) and 
X4 is at the low level (lower blanket-to-paper pressure) . In 
other words, printing on the coated paper with lower blanket-
to-paper pressure will result in the least amount of dot gain 
regardless of the levels of fountain solution pH (Xi) and 
plate-to-blanket pressure ( X 3 )  .  
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Examination of the residuals of the dot gain values for 
the 50% dots 
The four residuals plots for the 50% dots based on the 
Equation 4.b are exhibited in Figure 4.13. The examination 
results are discussed as follows: 
1. The normal probability plot of the residuals and the 
histogram of residuals exhibited in Figure 4.13 are 
satisfactory, lending support to the conclusion that X2 
and X2*X4 were the only significant effects and that the 
underlying assumptions (normality and equality of 
variance) of the analysis were satisfied. 
2. The purpose of plotting residuals against the run orders 
was to assess the independence of the observations on 
the dependent variable. The run chart of the residuals 
shown in Figure 4.13 does not provide the information 
about the assumption of independent observations simply 
because the observation number shown in the plot is not 
the actual run order. 
3. The plot of residuals versus the predicted dot gain-
values (Fits) for the equation 4.b also suggests that 
the 160 observations should be divided into two groups. 
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Figure 4.13. Residuals plots of the reduced model for the 50% 
dots. 
coated paper and uncoated paper, and then, the two 
groups of data should be analyzed separately. 
Hypothesis 3: mean effects on the 75% dots 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 75% 
tint on the Heidelberg GTO did not significantly differ from 
zero; that is. 
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HO-75%: Pk = 0/ where k = 1, 2, 3, 15. 
The purpose of this hypothesis was to examine the mean 
effects of the four variables (Xi, X2, X3, X4) on the total 
dot gain for the 50% dots. The Fit Factorial procedure by 
Minitab was utilized to analyze all of the sixteen terms in 
the full model to obtain the effect estimations and analysis 
of variance. The estimated main effects on the total dot 
gain at the 75% tint are presented in Table 4.13, and Table 
4.14 shows the results of the analysis of variance (ANOVA). 
Figure 4.14 provides the main effect plots for the four 
factors, and the normal probability plot of the effects which 
helped determine which effects were significant is exhibited 
in Figure 4.15. 
The findings and discussions for the 75% dots 
1. The ANOVA displayed in Table 4.14 does not provide 
complete results for testing Hypothesis 3 (Ho-75%) due to 
the lack of information on the F values. Therefore, 
developing a reduced model was necessary to obtain the 
test result. 
2. Table 4.13 and Figure 4.14 show that the negative main 
effect (-7.075) of paper (X2) had the greatest impact on 
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the dot gain among the four factors. The estimated main 
effects of the fountain solution pH (Xx) and the 
blanket-to-paper pressure (X4) were also negative (-
0.475 and -0.475, respectively). The only positive main 
effect was from the plate-to-blanket pressure (0.800). 
Table 4.13. Estimated effects and coefficients, full model, 
75% dots. 
Term Effect Coefficient 
Constant 19.1125 
Xx (pH) main effect -0.475 -0.2375 
X2 (paper) main effect -7.075® -3.5375 
X3 (plate-bk) main effect 0.800 0.4000 
X4 (bk-paper) main effect -0.475 -0.2375 
Xx*X2 2-way interaction 0.775 0.3875 
Xi*X3 2-way interaction -0.250 -0.1250 
Xl*X4 2-way interaction -0.325 -0.1625 
X2*X3 2-way interaction -0.200 -0.1000 
X2*X4 2-way interaction 0.825 0.4125 
X3*X4 2-way interaction -0.150 -0.0750 
X i * X 2 * X 3  3-way interaction 0.000 0.0000 
X i * X 2 * X 4  3-way interaction 0.625 0.3125 
X x * X 3 *  X 4  3-way interaction -0.250 -0.1250 
X 2 * X 3 * X 4  3-way interaction 0.150 0.0750 
X x *  X 2 *  X 3 * X 4  4-way interaction 0.200 0.1000 
® the most important effect. 
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Table 4.14. Analysis of variance, full model, 75% dots. 
Source DF Seq. SS Adj . SS Adj. MS F P 
Main Effects 4 204. 59 204. 59 51. 15 
2-Way Interactions 6 6. 05 6. 05 1. 01 
3-Way Interactions 4 1. 90 1. 90 0. 48 
4-way Interactions 1 0. 16 0. 16 0. 16 
Residual Error 0 0. 00 0. 00 0. 00® 
Total 15 212. 70 
® There is no information on the true replication error 
because there is no replication beyond the single point 
at each combination. 
'' There is no information on the F values due to the 
zero replication error. 
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Figure 4.14. Main effects plot for the 75% dots. 
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3. As shown in Figure 4.14, the main effect of "paper" was 
the dominant effect, and the main effects of X^, X3, and 
X4 are relatively small compared with the main effect of 
X2 (paper). The same conclusion drawn for the 25% and 
50% dots was also drawn for the 75% dots: the main 
effect of paper might outweigh the significance of the 
other effects due to its overwhelming strength. 
Based on the previous analyses for the 25% and 50% dots 
and after examining the estimated effects as shown in Table 
4.13, the terms of X2, X4, and X2*X4 were included in the 
reduced model used to test Hypothesis 3 (Ho-75%) . In 
addition, the normal probability plot of the fifteen effects 
(see Figure 4.15) is constructed to help determine which 
effects were significant. The ANOVA results for the reduced 
model are displayed in Table 4.15, and the estimated effects 
and coefficients for the reduced model are exhibited in Table 
4.16. The important effect that emerges from these analyses 
is the main effect of X2 only. 
As shown in Table 4.15,. the results of the ANOVA 
revealed that Ho-75% was rejected (F = 67.95, P = 0.000). It 
was concluded that the average main effect of "paper" (X2) on 
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Table 4.15. Analysis of variance, reduced model, 75% dots. 
Source DF Seq. SS Adj. SS Adj. MS F P 
Regression 3 203.84 203.84 242.35 67. 95 0. 000* 
Xa 1 200.22 200.22 200.22 271. 49 0. 000* 
X4 1 0.90 0.90 0.90 1. 22 0. 290 
X2*X4 1 2.72 2.72 2.72 3. 69 0. 079 
Error 12 8.85 8.85 0.74 
Total 15 212.70 
* significant at a = 0.05 level. 
Table 4.16. Estimated effects and coefficients, reduced 
model, 75% dots. 
Term Effect Coefficient Std Coef t-value P 
Constant 19.112 0.2147 89.02 0.000 
X2 -7.075 -3.537 0.2147 -16.48 0.000* 
X4 -0.475 -0.238 0.2147 -1.11 0.290 
X2*X4 0.825 0.413 0.2147 1.92 0.079 
Prediction Equation: 
MDG%@75% = 19.112 - 3.537 X; 
R-sq. = 94.1%, R-sq. (adj.) = 93.7% 
* significant at a = 0.05 level. 
the total dot gain of the 75% dots on the Heidelberg GTO 
significantly differed from zero at the 95% confidence level. 
The estimated effects and coefficients of the regression 
equation are exhibited in Table 4.16. The regression 
equation for predicting the mean dot gain percentages for the 
75% dots (MDG%@75%) was: 
Ill 
MDG%@75% = 19.112 - 3.537 Xz- (Equation 4.c) 
The predicted mean dot gain values for the sixteen runs and 
their standard deviations, 95% confidence intervals, and 95% 
prediction intervals are displayed in Appendix D. The 
value (94.1%) shown in Table 4.16 implies the main effect of 
paper explained approximately 94.1% of the total variability 
in the total dot gain of the 75% dots. This suggests that 
special attention should be given when dealing with the 
variable "paper." 
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Figure 4.15. Normal probability of the effects on the 75% 
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Examining the important effects for the 75% dots 
The significant effects for the 75% dots were not the 
same as for the 50% and 25% dots. For the 75% dots, the main 
effect of paper was the only significant one. As shown in 
Figure 4.16, the negative main effect of paper on the dot 
gain suggests that printing on the coated paper does not only 
produce a smaller dot gain average, but it also results in a 
smaller dot gain variability for the 75% dots than on 
uncoated paper. 
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Figure 4.16. Main effect plot of paper (X2) for 75% dots. 
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It is important to note that the overwhelming effects 
from paper might counteract the significance of the other 
effects. Thus, there is a need to isolate the variable 
"paper (X2)" from the experiment in order to study the 
conclusive relationships among the variables and obtain more 
accurate estimations for the effects associated with Xi, X 3 ,  
and X4. 
Examination of the residuaJ.s of the dot gain values for 
the 75% dots 
The four residuals plots for the 75% dots based on the 
Equation 4.c are exhibited in Figure 4.17. An examination of 
the results shows the following: 
1. The normal probability plot of the residuals and the 
histogram of residuals exhibited in Figure 4.17 are 
satisfactory, lending support to the conclusion that X2 
was the only significant effect and that the underlying 
assumptions (normality and equality of variance) of the 
analysis were satisfied. 
2. The run chart of the residuals as shown in Figure 4.17 
does not provide the information about the assumption of 
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independent observations simply because the observation 
number shown in the plot is not the actual run order. 
3. The plot of residuals versus the predicted dot gain 
values (Fits) for Equation 4.c also suggests that the 
150 observations should be divided into two groups, 
coated and uncoated paper, and then the two groups of 
data should be analyzed separately. 
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Figure 4.17, Residuals plots of the reduced model for the 75% 
dots. 
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Suinmarv of the results of the hypothesis testing 
To help understand the test results for the three 
hypotheses better. Table 4.17 summarizes the results and 
findings. 
Table 4.17. Summary of the test results for the hypothesis. 
Ho-25% ; 25% Dots Ho-50%: 50% Dots H(j_75%I 75% Dots 
Rejected or 
Retained 
Rejected at a = 
0.05 level 
Rejected at a = 
0.05 level 
Rejected at a = 
0.05 level 
Significant 
Effect(s) 
X2 and X2*X4 X2 and X2*X4 X2 
Prediction 
Equation 
MDG%@25% = 
28.53 - 7.77X2 -
0.62X4 -i- 1.28X2X4 
MDG%@50% = 
30.93 - 6.64X2 -
O.6OX4 + 1.01X2X4 
MDG%@75% = 
19.11 - 3.54X2 
Equation R^ .955 .956 .941 
Stepwise R^* 
(SPSS) 
R2 = R\ + R V4 
.949=.924+.025 
R2 = R^,^ + r2^X, 
.949=.927+.022 .941=.941 
Residuals 
Plots 
Satisfactory Satisfactory Satisfactory 
Note: Based on the Stepwise values by SPSS, the main effect 
of paper occupied more than 92% of the total variability in 
the dot gain percentages for the three dot areas. It confirms 
that the main effect of paper was so overwhelming that it 
might counteract the significance of the other effects. 
* Based on the prediction equations. 
** Entry Criterion; PIN = .050; 
Removal Criterion: POUT = .100. 
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Additional Findings 
This section discusses the significant findings and 
statistics other than the test results of the hypotheses. 
The discussions are divided into the following subsections: 
1. Reliability and Validity Analysis, 
2. Dot Gain Phenomena on Coated Paper, 
3. Dot Gain Phenomena on Uncoated Paper, and 
4. Summary. 
Reliability and validity analyses 
This section examines the reliability and validity of 
the measurements made on the three tints obtained from the 
ten sheets sampled for each of the sixteen treatment 
combinations. The correlation was computed using Pearson 
product-moment correlation by SPSS to examine the consistency 
of the dot gain measurements on the three tints from sheet to 
sheet. A factor analysis was performed on the dot gain 
observations in an attempt to identify the underlying 
construct which would be useful for validating the 
measurements. 
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A tabular arrangement of the data for the two analyses 
is displayed in Table 4.18. The row headings of the table 
represent the 48 (16x3) combinations of the 16 press runs and 
the three tints of each run. The column headings represent 
the ten variables (Ml, M2, MIO), which are also the ten 
measurements obtained from the sampled sheets of each run. 
Table 4.18. Table of the data arrangement for the 
reliability and validity analyses. 
Sheets 
run #-tint Ml M2 M3 M4 M5 M6 M7 M8 M9 MIO 
run 1-25% 
run 1-50% 
run 1-75% 
run 2-25% 
• • 
• • • 
• 
• • 
• • 
• 
run 15-75% 
run 16-25% 
run 16-50% 
run 16-75% 
Prior to calculating the Pearson correlation 
coefficients, the distributions of the dot gain values for 
each measurement were examined for departures from normality. 
Both normal probability plots and histograms of the ten 
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variables showed little or no evidence of a lack of 
normality. Thus, the distributions of the measurements were 
assiamed to be normal, and the calculation of the Pearson 
correlation coefficients was justified. The results of this 
cross-measurement correlation and reliability is summarized 
in Table 4.19. 
Table 4.19. Correlation among the dot gain values for the 
ten measurements. 
Ml M2 M3 M4 M5 
Measure 1 1.0000 
Measure 2 .9956 1.0000 
Measure 3 .9941 .9942 1.0000 
Measure 4 .9912 .9878 .9930 1.0000 
Measure 5 .9888 .9936 .9944 .9873 1.0000 
Measure 6 .9906 .9931 .9912 .9852 .9941 
Measure 7 .9838 .9875 .9846 .9807 .9898 
Measure 8 .9839 .9852 .9836 .9811 .9868 
Measure 9 .9794 .9836 .9813 .9776 .9855 
Measure 10 .9792 .9821 .9803 .9777 .9827 
M6 M7 M8 M9 MIO 
Measure 6 1.0000 
Measure 7 .9971 1.0000 
Measure 8 .9957 .9979 1.0000 
Measure 9 .9951 .9971 .9968 1.0000 
Measure 10 .9935 .9970 .9974 .9771 1.0000 
N of Variables =10 N of Cases = 48 
Reliability Coefficients 10 items 
Alpha = 0.9987 standardized item alpha = 0.9989 
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An examination of the coefficients shown in Table 4.19 
indicates that the ten measurements of dot gain values were 
highly correlated with each other. In other words, the dot 
gain readings were consistent across measurements. The 
estimated reliability index by the Cronbach Alpha method was 
0.9987. 
To determine whether there was validity for the 
construct of dot gain as defined by the ten measurements, a 
principal components factor analysis was performed. It was 
hoped that there was only one common underlying variable that 
accounted for the major portion of variance and covariance 
within and among the ten measurements so one could conclude 
that the measurement has construct validity. The resulting 
factor and the factor loadings shown in Table 4.20 reveal 
that only one factor was identified. The large factor 
loading values for the variables suggest that the ten 
measurements correlated highly with the identified factor. 
The large conimunality values imply that the variance of each 
variable was explained largely by the identified factor. 
Therefore, it was concluded that the construct of dot gain 
was valid. 
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Table 4.20. Principal components factor analysis without 
rotation for the ten measurements. 
variable Loading Communality Factor Eigenvalue % of Var. 
Measure 1 .99369 .98742 1 9.89917 99.0 
Measure 2 .99531 .99064 .05991 . 6 
Measure 3 .99471 .98944 .01523 .2 
Measure 4 .99118 .98924 .01087 .1 
Measure 5 .99533 .99068 .00409 .0 
Measure 6 .99863 .99725 .00381 .0 
Measure 7 .99660 .99321 .00293 .0 
Measure 8 .99587 .99177 .00171 .0 
Measure 9 .99439 .98881 .00124 .0 
Measure 10 .99373 .98751 .00104 .0 
Dot gain phenomena on coated paper 
The section examines the effects of the factors, Xi, X3, 
X4, on the total dot gain percentages on the coated paper. 
Basically, it can be treated as a 2^ factorial design; that 
is, the full model contains eight treatment combinations. 
The statistical procedures utilized to analyze the 80 
observations (half of 160 total observations) were Fit 
Factorial, Regression, and Analysis of Variance (ANOVA) by 
Minitab and SPSS. Basic descriptive statistics containing 
the means, standard deviations, and variances for each of the 
three factors, at two levels, at the three tints are included 
in Appendix E. 
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Dot gain phenomena for the 25% dots on the coated paper 
The results of the Fit factorial analysis by Minitab for 
the full model is displayed in Table 4.21. As shown in the 
table, the main effect of plate-to-blanket pressure(X3), the 
main effect of blanket-to-paper pressure{X4), and the 
interaction effect of fountain solution pH and blanket-to-
paper pressure {Xi*X4) were significant at a = 0.05 level. 
Table 4.21. Estimated effects and coefficients of the full 
model for 25% tint on the coated paper. 
Term Effect Coef Std Coef t-value P 
constant 20.763 0.076 273.07 0.000 
Xi 0.125 0.063 0.076 0.82 0.414 
X3 -0.325 -0.163 0.076 -2.14 0.036* 
X4 1.325 0.663 0.076 8.71 0.000* 
Xi*X3 -0.125 -0.063 0.076 1 0
 
0
0
 
0.414 
Xl*X4 0.325 0.163 0.076 2.14 0.036* 
X3*X4 0.175 0.088 0.076 1.15 0.254 
Xi*X3*X4 0.175 0.088 0.076 1.15 0.254 
* significant at a = 0.05 level. 
As shown in Table 4.21, the terms X 3 ,  X 4 ,  Xi*X4 were 
included in the reduced model for the regression analysis and 
analysis of variance. The summary table of the Stepwise 
Regression Analysis by SPSS for the reduced model is 
exhibited in Table 4.22. 
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Table 4.22. Summary of multiple R and R square for dot gain 
at 25% tint on the coated paper. 
Step MultR(IRI) R-sq F{Eqn) Sig F Variable In Beta® In 
1  . 6 8 6 6  . 4 7 1 4  6 9 . 5 5 6  . 0 0 0  X 4  . 6 8 6 6  
2  . 7 0 6 9  . 4 9 9 7  3 8 . 4 6 1  . 0 0 0  X 3  - . 1 6 8 4  
3  . 7 2 6 7  . 5 2 8 1  2 8 . 3 5 1  . 0 0 0  X i * X 4  . 1 6 8 4  
Method: Stepwise; Std Error = 0.680; Adjust R-sq = 0.509; 
Entry Criterion: PIN = .050; Removal Criterion: POUT = .100. 
® standardized B (correlation coefficient). 
The R^ values shown in Table 4.22 indicate that X4, X 3 ,  
and Xi*X4 collectively explained approximately 52.8% of the 
total variability in the dot gain values and X4 (the main 
effect of blanket-to-paper pressure) alone explained most 
(47.14%) of the dot gain variability among the three terms. 
This suggests that the main effect of blanket-to-paper 
pressure had the greatest influence on the total dot gain at 
25% tint for coated paper (Y25%.c) • This can be verified by 
examining the Beta value of X4. The Beta value of X4, 0.6866, 
implies that X4 correlated moderately strongly with dot gain 
percentages for the 25% dots. The positive correlation 
between X4 and Y25%.c suggests that the higher the impression 
pressure between blanket and coated paper, the higher will be 
the total dot gain. 
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Tables 4.23 and 4.24 show the outcomes of the Fit 
Factorial procedure and ANOVA by Minitab. As shown in Table 
4.23, the estimated effects for X3, X4, and Xi*X4 were -0.325, 
1.325, and 0.325, respectively. This verifies that the main 
effect of blanket-to-paper pressure (X4) had the greatest 
impact on dot gain for the 25% dots on the coated paper and 
its effect was a positive one. The regression equation used 
for predicting the dot gain percentages for the 25% dots on 
the coated paper is: 
y25%.c = 20.76 - O.I6X3 + 0.66X4 + 0.16X1X4 (Equation 4.d) 
The predicted dot gain values based on Equation 4.d, for the 
eight treatment combinations and their standard deviations, 
95% confidence intervals, and 95% prediction intervals are 
displayed in Appendix F. 
The ANOVA results as shown in Table 4.24 suggest that 
the mean effects of fountain solution pH, plate-to-blanket 
pressure, and blanket-to-paper pressure on the total dot gain 
at 25% tint for coated paper using the Heidelberg GTO were 
significantly different from zero at a = 0.05 level (F = 
28.351, P = 0.000). The table also indicated that the main 
effect of blanket-to-paper pressure (X4) was the dominant 
variable among the three significant variables. 
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Table 4.23. Estimated effects and coefficients for the 
reduced model, 25% dots, coated paper. 
Variable Effect Coef SE Coef 95% C.I . Coef t P 
Constant 20.76 0.076 20.611, 20.914 273.07 0.000 
X3 -0.325 -0.16 0.076 -.314, -.011 -2.14 0.036* 
X4 1.325 0.66 0.076 .511, .814 8.71 0.000* 
Xl*X4 0.325 0.16 0.076 .011, .314 2.14 0.036* 
Equation: Y25I.c = 20.76 - O.I6X3 + 0.66X 4 + O.I6X1X4 
R-sq = 52. 8%; R-: sq (adj) = 50,9% 
* significant at a = 0.05 level. 
Table 4.24 Analysis of variance, reduced model, 25% dots, 
coated paper. 
Source DF SS MS F P 
Regression 3 39.338 13.113 28.351 0.000* 
X3 1 2.112 2.112 4.57 0.036* 
X4 1 35.112 35.112 75.92 0.000** 
Xl*X4 1 2.112 2.112 4.57 0.036* 
Error 76 35.150 0.463 
Total 79 74.488 
* significant at a = 0.05 level. 
** significant at a = 0.01 level. 
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Discussion regarding the important effects and 
recommendations for the process operating conditions. The 
main effects of X3 and X4 and the interaction effect of Xi*X4 
are plotted as shown in Figure 4.18 and 4.19 to understand 
the three significant effects better. 
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Figure 4.18. Main effect plots of X3 and X4 — means for dot 
gain at 25% tint on the coated paper. 
Figure 4.18 indicates that the negative main effect of 
plate-to-blanket pressure was almost negligible. Changing 
the plate-to-blanket pressure from 0.003 inch to 0.006 inch 
resulted in a reduction of only 0.325% in the total dot gain 
at the 25% tint on the coated paper. In addition, printing 
with the low blanket-to-paper pressure (Level 0) would 
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produce less dot gain (1.145% less) than with the high 
pressure for the 25% dots on the coated paper. However, it 
is important to note that the main effect does not have much 
meaning when it is involved with significant interactions. 
It is always necessary to examine any interactions that are 
significant. 
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Figure 4.19. Interaction plot of Xi*X4 — means for dot gain at 
25% tint on the coated paper. 
Note, from the XiX4 interaction shown in Figure 4.19, 
that the blanket-to-paper pressure effect was greater when 
the fountain solution pH was at the high level than that at 
the low level, with the best results (minimum dot gain 
percentages) obtained with low blanket-to-paper pressures and 
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high fountain solution pH values. As shown in Figure 4.18 
and 4.19, it appears that the smallest dot gain sizes can be 
obtained when X4 is at the low level (lower blanket-to-paper 
pressure), is at the high level (4.5 pH value), and X3 is 
at the high level (higher plate-to-blanket pressure). This 
minimum dot gain percentage can be obtained by examining 
Equation 4.d, Jp25%.c = 20.76 - O. I 6 X 3  + O. 6 6 X 4  + O.I6X1X4. In 
this equation, 20.7 6 is the average response and the coded 
variables, X3, X4, X1X4, take on the values of +1 or -1. 
Therefore, the predicted minimum dot gain percentage for the 
25% dots on the coated paper is: 
Jpmin.25%.c = 20.76 - 0. 16(1) + 0.66(-l) + 0.16(1) (-1) = 19.78. 
Residual diagnostics. In any designed experiment, it is 
important to examine the residuals and check for violations 
of basic assumptions that could invalidate the results. 
Therefore, four residuals plots (see Figure 4.20) based on 
the regression Equation 4.d were constructed by Minitab to 
diagnose the residuals. The points on the normal probability 
plot of the residuals in Figure 4.20 lie reasonably close to 
a straight line, and therefore, the assumption of normality 
is satisfied. The histogram of residuals reveals that the 
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residuals appear to be approximately normally distributed and 
symmetrically about zero. This suggests that there are no 
problems with normality and equality of variance. The I 
(individual run) chart of the residuals shows that the 
residuals appear to fluctuate randomly about zero with no 
particular trend as the observation number changes (Note: the 
observation number is identical to the run order) . This 
suggests that the observations on the dependent variable (dot 
gain percentages) are statistically independent. 
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Figure 4.20. Residual model diagnostics for 25% dots on the 
coated paper. 
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The last plot in Figure 4.20 is the plot of residuals 
versus the predicted dot gain values (Fits) obtained from 
Equation 4.d. The plot appears to be reasonable because 
there is no particular pattern and all of the residuals fall 
between -3- /MSE and +3-VMSE ( -2 .04,  2 .04) .  Although this 
plot does not reveal any severe problems, special attention 
should be given to the differences in residual spread. Note 
that there might be a minor problem with the assumption of 
constant variance because there is a mild tendency for the 
variability of the residuals to increase as the predicted dot 
gain value increases. The problem, however, is not severe 
enough to have a dramatic impact on the analysis and 
conclusions. Since a simple model with a reasonable strength 
of estimation is preferred by printing personnel, therefore, 
transforming the values of the dependent variable (dot gain 
values) was not considered. 
Dot gain phenomena for the 50% dots on the coated paper 
The results of the Fit Factorial analysis by Minitab for 
the full model is displayed in Table 4.25. As shown in the 
table, the main effects of fountain solution pH (X:), plate-
to-blanket pressure (X3), blanket-to-paper pressure (X4), the 
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interaction effect of Xi*X3, and the interaction effect Xi*X4 
were significant at the a = 0.05 level. As shown in Table 
4.25, Xi, X3, X4, Xx*X3, and Xi*X4 were included in the reduced 
model for the factorial analysis, regression analysis and 
analysis of variance. 
Table 4.25. Estimated effects and coefficients of the full 
model for 50% tint on the coated paper. 
Term Effect Coef Std Coef t-value P 
constant 24.2875 0.07395 328.43 0. 000 
Xi 0.475 0.2375 0.07395 3.21 0. 002* 
X3 0.625 0.3125 0.07395 4.23 0. 000** 
X4 0.825 0.4125 0.07395 5.58 0. 000** 
Xi*X3 -0.675 -0.3375 0.07395 -4.56 0. 000** 
Xl*X4 0.525 0.2625 0.07395 3.55 0. 001* 
X3*X4 -0.025 -0.0125 0.07395 -0.17 0. 866 
Xi*X3*X4 -0.125 -0.0625 0.07395 -0.85 0. 401 
* significant at a = 0.005 level. 
** significant at a = 0.001 level. 
The summary table for Stepwise Regression Analysis by 
SPSS for the reduced model is exhibited in Table 4.26. The 
values shown in the table indicate that Xi, X3, X4, Xi*X3 and 
Xi*X4 collectively explained about 56.04% of the total 
variability in the dot gain values and X4 (the main effect of 
blanket-to-paper pressure) was the major source of the 
variability (R^X4 ~ .1881) among the five terms. This implies 
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that the main effect of blanket-to-paper pressure had the 
greatest impact on the total dot gain at the 50% tint for the 
coated paper (Y5o%.c) • In addition, the Beta value of X4, 
0.4336, suggests that X4 was moderately correlated with dot 
gain percentages for the 50% dots. The positive correlation 
between X4 and ¥50%.c suggests that the higher the impression 
pressure between blanket and coated paper, the higher will be 
the total dot gain. 
Table 4.26. Summary of multiple R and R square for dot gain 
at 50% tint on the coated paper. 
Step MultR(lRI) R-sq F(Eqn) Sig F Variable In Beta® In 
1 .4336 .1881 18.065 .000 X4 .4336 
2 .5603 .3139 17.617 .000 X1X3 -.3548 
3 .6495 .4219 18.485 .000 X3 .3285 
4 .7057 .4980 18.602 .000 X1X4 .2760 
5 .7486 .5604 18.863 .000 X, .2497 
Method: Stepwise; Std Error = 0.6558; Adjust R-sq = 0.5307; 
Entry Criterion: PIN = .050; Removal Criterion: POUT = .100. 
® standardized B (correlation coefficient). 
Table 4.27 and Table 4.28 show the outcomes of the Fit 
Factorial procedure and ANOVA by Minitab. As shown in Table 
4.27, the estimated effects for Xi, X3, X4, Xi*X3, and Xi*X4 
were 0.475, 0.625, 0.825, -0.675, and 0.525, respectively. 
This verifies that the main effect of blanket-to-paper 
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pressure ( X 4 )  had the greatest impact on dot gain for the 50% 
dots on the coated paper and its effect was positive. The 
regression equation for predicting the dot gain percentages 
for the 50% dots on the coated paper is: 
y 50%.c = 24.29 + 0.237Xi + 0.312X3 + 0.412X4 - O-SSlXiX^ + 
0.262X1X4. (Equa tion 4. e) 
Based on Equation 4.e, the predicted dot gain values for the 
eight treatment combinations, their standard deviations, 95% 
confidence intervals, and 95% prediction intervals are 
displayed in Appendix F. 
Table 4.27. Estimated effects and coefficients for the 
reduced model, 50% dots, coated paper. 
Variable Effect Coef SE Coef 95% C.I . Coef t P 
Constant 24.287 0. 0733 24.141, 24.434 331.25 0. ,000 
Xi .475 0.237 0. 0733 .091, .384 3.24 0. 002* 
X3 .625 0.312 0. 0733 . 166, .459 4.26 0. 000* 
X4 .825 0.412 0. 0733 .266, .559 5. 63 0. 000* 
X1X3 -.675 -0.337 0. 0733 -.484, -.191 -4. 60 0. 000* 
X1X4 .525 0.262 0. 0733 .116, .409 3.58 0. 001* 
Equation: J^5o%.c = 24.29 + 0.237Xi + 0.312X3 + 0.412X4 ~ 
0.337X1X3 + 0.262X1X4 
R-sq = 56.04%; R-sq (adj.) = 53.07% 
* significant at a = 0.05 level. 
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The ANOVA results as shown in Table 4.28 conclude that 
the average effects of fountain solution pH, plate-to-blanket 
pressure, and blanket-to-paper pressure on the total dot gain 
at 50% tint for coated paper on the Heidelberg GTO 
significantly differed from zero at a = 0.05 level (F = 
18.86, P = 0.000). 
Table 4.28. Analysis of variance, reduced model, 50% dots, 
coated paper. 
Source DF SS MS F P 
Regression 5 40.5625 8.1125 18.86 0.000* 
Xx 1 4.5125 4.5125 10. 49 0.002* 
X3 1 7.8125 7.8125 18. 17 0.000* 
X4 1 13.6125 13.6125 31. 65 0.000* 
Xi*X3 1 9.1125 9.1125 
1—1 (
M
 
19 0.000* 
Xl*X4 1 5.5125 5.5125 12. 82 0.001* 
Error 74 31.8250 0.4301 
Total 79 72.3875 
* significant at a = 0.05 level. 
Discussion regarding the important effects and 
recommendations for the process operating conditions. To 
promote better understanding of how the five significant 
variables affected the total dot gain at the 50% tint on the 
coated paper, the main effect plots of Xi, X3, and X4 and the 
interaction plots of Xi*X3 and Xi*X4 are exhibited in Figure 
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4.21, Figure 4.22, and Figure 4.23. Figure 4.21 indicates 
that the three main effects were all positive and the main 
effect of blanket-to-paper pressure was the strongest one. 
It is important to note that the changes of dot gain sizes 
were all less than i percent for the three main effects when 
the settings changed from the low level to high level. 
However, the main effects do not have much meaning when they 
are involved in significant interactions. Therefore, it is 
always necessary to examine any interactions that are 
significant. 
Figure 4.21. Main effect plots of Xx, X3, and X4 — means for 
dot gain at 50% tint on the coated paper. 
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Figure 4.22. Interaction plot of Xi*X3 — means for dot gain at 
50% tint on the coated paper. 
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Figure 4.23. Interaction plot of Xx*X4 — mean for dot gain at 
50% tint on the coated paper. 
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As shown in Figure 4.22, the Xi*X3 interaction indicates 
that plate-to-blanket pressure {X3) had a very small negative 
effect on dot gain when the fountain solution pH was at the 
high level but a relatively large positive effect when at the 
low level of fountain solution pH. The best results (minimum 
dot gain percentages) can be obtained with lower plate-to-
blanket pressures and lower fountain solution pH values. 
As shown in Figure 4.23, the Xi*X4 interaction indicates 
that blanket-to-paper pressure (X4) had a very small positive 
effect on the dot gain when the fountain solution pH was at 
the low level but a relatively large positive effect at the 
high level of fountain solution pH. The minimum dot gain 
percentages can be obtained with low blanket-to-paper 
pressures and low fountain solution pH values. 
Based on Figure 4.22 and Figure 4.23, it appears that 
the smallest dot gain sizes can be obtained when Xi, X3, and 
X4 are all at the low level. This minimum dot gain percentage 
can be attained by examining Equation 4.e, ^so%.c = 24.29 + 
0.237Xi + 0.312X3 + 0.412X4 - 0.337X1X3 + 0.262X1X4. In this 
equation, 24.29 is the average dot gain percentage and the 
coded variables Xi, X3, X4 take on the value -1. Therefore, 
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the predicted minimiam dot gain percentage for the 50% dots on 
the coated paper is: 
Jpain.50%.c = 24.29 + 0.237 (-l) + 0.312(-1) + 0.412(-1) -
0.337 (-l) (-1) + 0.262 (-1) (-1) = 23.25(%). 
Residual diagnostics. To check whether the required 
assumptions for the regression analysis were met, four 
residuals plots (see Figure 4.24) based on the regression 
Equation 4.e were constructed by Minitab to diagnose the 
residuals. The points on the normal probability plot of the 
residuals shown in Figure 4.24 lie reasonably close to a 
straight line, therefore, the assumption of normality is 
satisfied. The histogram of residuals in Figure 4.24 appears 
to be approximately normally distributed and symmetrically 
about zero if the residual scale is changed from 0.5 to 1 (or 
0.25). This suggests that there are no severe problems with 
normality and equality of variance. The I (individual run) 
chart of the residuals shown in Figure 4.24 reveals that the 
residuals appear to fluctuate randomly about zero with no 
particular trend as the observation niomber changes. This 
suggests that the observations on the dependent variable (dot 
gain percentages) are statistically independent. The last 
plot in Figure 4,24 is the plot of residuals versus the 
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predicted dot gain values obtained from Equation 4.e. This 
plot appears to be acceptable because there is no obvious 
pattern and all of the residuals fall between -3VMSE and 
+3VmSE (-1.97, 1.97). However, note that there might be a 
minor problem with the assumption of constant variance 
because the variability of the residuals tends to be 
increasing with increasing predicted values. Reexamination 
of the data did not reveal any obvious problems, such as an 
error in recording; therefore, transforming the values of the 
dependent variable (dot gain values) was not considered. 
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Figure 4.24. Residual model diagnostics for 50% dots on the 
coated paper. 
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Dot gain phenomena for the 75% dots on the coated paper 
The estimated factorial effects and coefficients are 
displayed in Table 4.29. As shown in the table, the main 
effects of fountain solution pH (Xi), plate-to-blanket 
pressure(X3), blanket-to-paper pressure(X4), the interaction 
effect of Xx*X3, and the interaction effect Xi*X4 were 
significantly different from zero at the 0.05 level. As 
shown in Table 4.29, Xx, X3, X4, Xi*X3, Xx*X4 were included in 
the reduced model for the regression analysis, factorial 
analysis and analysis of variance. The summary table of the 
Stepwise Regression Analysis by SPSS for the reduced model is 
exhibited in Table 4.30. 
Table 4.29. Estimated effects and coefficients of the full 
model for 75% tint on the coated paper. 
Term Effect Coef Std Coef t-value p 
constant 15.5750 0.04751 327.84 0. 000 
Xi 0.3000 0.1500 0.04751 3.16 0. 002** 
X3 0.6000 0.3000 0.04751 6.31 0. 000** 
X4 0.3500 0.1750 0.04751 3.68 0. 000** 
Xi*X3 -0.2500 -0.1250 0.04751 -2.63 0. 010* 
Xi*X4 0.3000 0.1500 0.04751 3.16 0. 002** 
X3*X4 0.0000 0.0000 0.04751 0.00 1. 000 
Xi*X3*X4 -0.0500 -0.0250 0.04751 -0.53 0. 600 
*• significant 
significant 
at a = 0. 
at a = 0. 
05 level. 
005 level. 
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Table 4.30. Sununary of multiple R and R square for 75% tint 
on the coated paper. 
Step MultR(1R|) R-sq F(Eqn) Sig F Variable In Beta^ In 
1 .5112 .2613 27.597 .000 X3 .5112 
2 .5918 .3503 20.756 .000 X4 .2982 
3 .6447 .4156 18.017 .000 Xi .2556 
4 .6935 .4809 17.373 .000 X1X4 .2556 
5 .7255 .5263 16.444 .000 X1X3 -.2130 
Method: Stepwise; Std Error = 0.4199; Adjust R-sq = 0.4943; 
Entry Criterion: PIN = .050; Removal Criterion: POUT = .100. 
® standardized B (correlation coefficient). 
The R^ values shown in Table 4.30 indicate that Xi, X3, 
X4, Xi*X3 and Xi*X4 collectively explained approximately 52.63% 
of the total variability in the dot gain values and X3 (the 
main effect of plate-to-blanket pressure) was the major 
source of the variability (R^xs ~ .2613) among the five terms. 
This implies that the main effect of plate-to-blanket 
pressure had the greatest impact on the total dot gain at the 
7 5% tint for the coated paper (Y75%.c) • addition, the Beta 
value of X3, 0.5112, suggests that X3 was moderately 
correlated with the dot gain value at the 75% tint. The 
positive correlation between X3 and ¥75%.c suggests that the 
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higher the pressure between plate and blanket, the higher 
will be the total dot gain. 
Table 4.31 and 4.32 show the results of the Fit 
Factorial analysis and ANOVA by Minitab. As shown in Table 
4.31, the estimated effects for Xj., X3, X4, Xi*X3, and Xi*X4 
were 0.300, 0.600, 0.350, -0.250, and 0.300. This verifies 
that the main effect of plate-to-blanket pressure (X3) had the 
greatest impact on dot gain for the 75% dots on the coated 
paper and its effect was positive. 
Table 4.31. Estimated effects and coefficients for the 
reduced model, 75% dots, coated paper. 
Variable Effect Coef SE Coef 95% C.I . Coef t P 
Constant 15.575 .04695 15.481, 15.669 331.73 0. ,000 
Xi .300 0.150 .04695 .056, .244 3.19 0. 002* 
X3 .600 0.300 .04695 .206, .394 6.39 0. 000* 
X4 .350 0.175 .04695 .081, .269 3.73 0. 000* 
X1X3 -.250 -0.125 .04695 -.219, -.031 -2.66 0. 010* 
X1X4 .300 0.150 .04695 .056, .244 3.19 0. 002* 
Equation: ^75%.c = 15.58 + 0.150Xi + O.3OOX3 + 0.175X4 -
0.125X1X3 + 0.150X1X4 
R-sq = 52.63%; R-sq (adj.) = 4 9.43% 
* significant at a = 0.05 level. 
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Table 4.32. Analysis of variance, reduced model, 75% dots, 
coated paper. 
Source DF SS MS F P 
Regression 5 14 .5000 2. 9000 16.44 0.000* 
Xi 1 1.8000 1.8000 10. 21 0.0C2-*^ 
X3 1 7.2000 7.2000 40. 83 0.000* 
X4 1 2.4500 2.4500 13. 89 0.000* 
Xl*X3 1 1.2500 1.2500 7. 09 0.010* 
Xl*X4 1 1.8000 1.8000 10. 21 0.002* 
Error 74 13 .0500 0. 1764 
Total 79 27 .5500 
* significant at a = 0.05 level. 
As shown in Table 4.31, the regression equation for 
predicting the dot gain percentages for the 75% dots on the 
coated paper is: 
j^7s«.c = 15.58 + 0.150Xi + 0.300X3 + 0.175X4 - 0.125X1X3 + 
0.150X1X4. (Equation 4.f) 
Based on Equation 4.f, the predicted dot gain values for the 
eight treatment combinations, their standard deviations, 95% 
confidence intervals, and 95% prediction intervals are 
displayed in Appendix F. 
The ANOVA results shown in Table 4.32 suggest that the 
average effects of fountain solution pH, plate-to-blanket 
pressure, and blanket-to-paper pressure on the total dot gain 
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at 75% tint for coated paper on the Heidelberg GTO 
significantly differed from zero at the a = 0.05 level (F = 
16.44, P = 0.000). 
Discussion regarding the important effects and 
recommendations for the process operating conditions. The 
main effect plots of Xi, X3, and X4 and the interaction plots 
of Xi*X3 and Xi*X4 are exhibited in Figure 4.25, Figure 4.26, 
and Figure 4.27 to promote the understanding of how the five 
significant variables affected the total dot gain at the 75% 
tint on the coated paper better. 
15.901 
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Figure 4.25. Main effect plots of Xi, X 3 ,  and X4 — means for 
dot gain at 75% tint on the coated paper. 
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Figure 4.26. Interaction plot of Xi*X3 — means for dot gain at 
75% tint on the coated paper. 
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Figure 4.27. Interaction plot of Xi*X4 — means for dot gain at 
75% tint on the coated paper. 
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As shown in Figure 4.25, the three main effects were all 
positive and the main effect of plate-to-blanket pressure had 
the greatest influence on dot gain. Note that the changes of 
dot gain sizes were all less than 1 percent for the three 
main effects when the settings changed from the low level to 
high level. However, main effects do not have much meaning 
when they are involved in significant interactions. 
Therefore, it is necessary to examine the significant 
interactions Xi*X3 and Xt.*X4. 
The Xx*X3 interaction, as shown in Figure 4.26, indicates 
that plate-to-blanket pressure (X3) had a small positive 
effect on dot gain when the fountain solution pH was at the 
high level but a relatively large positive effect at the low 
level of fountain solution pH. The minimum dot gain 
percentage can be obtained with low plate-to-blanket pressure 
and low fountain solution pH value. 
The Xi*X4 interaction, as shown in Figure 4.27, reveal 
that blanket-to-paper pressure (X4) had a very small positive 
effect on dot gain when the fountain solution pH was at the 
low level but a relatively large positive effect at the high 
level of fountain solution pH. The minimum dot gain value 
146 
can be obtained with low blanket-to-paper pressure and low 
fountain solution pH value. 
Based on Figure 4.26 and 4.27, the results suggest 
smallest dot gain sizes can be obtained when Xx, X3, and X4 
are all at the low level. This minimum dot gain percentage 
can be attained by examining Equation 4.f, yis%.c - 15.58 + 
0.150X1 + 0.300X3 + 0.175X4 - 0.125X1X3 + 0.150X1X4. In this 
equation, 15.58 is the average dot gain percentage and the 
coded variables Xi, X3, X4 take on the value -1. Therefore, 
the predicted minimum dot gain percentage for the 50% dots on 
the coated paper is: 
>^ nin-75%-c = 15.58 + 0.150 (-1) + 0.300(-l) + 0.175(-1) -
0.125(-1)(-1) + 0.150(-1)(-1) = 14.98(%). 
Residual diagnostics. To verify whether the basic 
assumptions for the regression analysis were met, four 
residuals plots (see Figure 4.28) based on the regression 
Equation 4.f were constructed to analyze the residuals. The 
points on the normality plot of the residuals as shown in 
Figure 4.28 appear to fall along a straight line, therefore, 
the assumption of normality is satisfied. 
The histogram of residuals in Figure 4.28 shows that the 
residuals are approximately normally distributed and 
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symmetrically about zero. This suggests that there are no 
problems with normality and equality of variance. 
The individual run chart of the residuals reveals that 
the residuals appear to fluctuate randomly about zero with no 
particular trend as the observation number changes. This 
suggests that the observations on the dependent variable (dot 
gain percentages) are statistically independent. 
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Figure 4.28, Residual model diagnostics for 75% dots on the 
coated paper. 
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The last plot in Figure 4.28 is the plot of residuals 
versus the fitted dot gain values obtained from Equation 4.f. 
As shown in this plot, the residuals had a mild tendency to 
become more dispersed as the predicted dot gain values 
increase (funnel pattern). This indicates that there might 
be a minor problem with the assiamption of constant variance 
because the variability of the residuals tends to be 
increasing with increasing predicted values. Fortunately, 
all of the residuals fell between -3VmsE {= -1.26) and 
+3VmSE (= 1.26) (the two extreme residual values are -1.225 
and 1.125). Since the assumption of constant variance was 
not badly violated and a reexamination of the data did not 
reveal any obvious problem, the responses were accepted as 
legitimate. Therefore, transforming the values of the 
dependent variable (dot gain percentages) was not considered. 
Dot gain phenomena on uncoated paper 
This section investigates the effects of the factors Xi, 
X3, X4 on the total dot gain percentages on the uncoated 
paper. Since the factor "paper" is controlled, it can be 
treated as a 2^ factorial design, that is, the full model 
contains eight treatment combinations. The statistical 
149 
procedures used to analyze the 80 observations (half of 160 
total observations) were Fit Factorial, Regression, and 
Analysis of Variance (ANOVA) by Minitab and SPSS. Table 4.33 
summarizes the general descriptive statistics for the three 
dot areas. Descriptive statistics containing the means, 
standard deviations, and variances for each of the three 
factors, at two levels, at the three tints are included in 
Appendix G. 
Table 4.33. General descriptive statistics of the dot gain 
values for the uncoated paper. 
Variable Mean Std Dev Kurtosis Skewness N 
DG%025% 36. 30 3. 477 -.71 -.58 80 
DG%@50% 37. 56 2. 805 -.56 -.50 80 
DG%@75% 22. 65 1. 388 .18 -.97 80 
As with the results of the hypothesis testing and 
previous findings, the type of paper had overwhelming effects 
on the dot gain sizes at all three tints, and both the dot 
gain average and variability obtained from the uncoated paper 
were much greater than that from the coated paper. It is 
concluded that printing on uncoated stock does not only raise 
the dot gain size, but also the dot gain variation. 
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As shown in Table 4.33, the dot gain value interval at 
the 50% tint for the uncoated paper was about 37.56% ± 
3(2.81%) = 37.56% ± 8.43%. According to the FIPP 
(International Federation of the Periodical Press) dot gain 
specifications (European specifications), the dot gain value 
for the 50% dots when negative plates (this experiment used 
negative plates) and uncoated paper are used is 32% ± 2% 
(Schlaepfer, 1988). The SWOP (Specifications for Web Offset 
Publications, American specifications) also suggested that 
the dot gain value at the 50% tint for the production 
printing should be 24% ± 4%, where there is no indication 
about types of plates and papers used (SWOP, 1993). 
When comparing the dot gain interval at 50% tint of the 
uncoated paper obtained from this experiment (37.56% d~ 8.43%) 
with the FIPP and SWOP specifications, it is obvious that 
both the target dot gain value and its tolerance obtained 
from this experimental process were much greater than the 
recommended specifications. It is suggested that the current 
printing process using uncoated paper is not capable of 
producing quality prints. Therefore, it is neither feasible 
nor practical to make further recommendations for the process 
operating conditions, as these were accomplished for the 
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coated paper, as shown in the previous section, to minimize 
the dot gain sizes on the uncoated paper. The recommended 
actions are to check whether the printing process using the 
uncoated paper is in control and to investigate how to reduce 
the dot gain size and its variation on the uncoated paper. 
Regardless of whether the process is in control for the 
uncoated paper. Table 4.34 summarizes the estimated effects 
and partial regression coefficients for the 25%, 50%, and 75% 
dots on the uncoated paper. As shown in the table, most of 
the effects were significant for all the three tints, even 
the three-way interaction, which is usually difficult to 
interpret. In other words, the changes in the dot gain sizes 
on the uncoated paper produced by changes in the level of the 
factors Xi, X2, X3 were all substantial. This means that the 
uncoated paper was highly sensitive to any changes from the 
other factors, thus, the quality of prints using this type of 
paper appeared to be unstable. In fact, Adams, Faux, and 
Rieber (1996) stated that the surface of uncoated paper is 
filled with intertwined cellulose fibers that create peaks 
and valleys. Thus, when ink is applied to uncoated paper, 
the problems of great dot gain and dot gain variation can 
occur; therefore, the sheet stability is not retained. 
152 
Table 4.34. Estimated effects and coefficients for dot gain 
at 25%, 50%, and 75% dots on the uncoated paper. 
25% Dots 
Term Effect Coef Std Coef t-value p 
Constant 36.300 0.1847 196.48 0. 000 
XI -3.200 -1.600 0.1847 -8.66 0. 000* 
X3 2.250 1.125 0.1847 6.09 0. 000* 
X4 -3.800 -1.900 0.1847 -10.28 0. 000* 
XI* X3 -0.650 -0.325 0.1847 -1.76 0. 083 
XI* X4 -1.800 -0.900 0.1847 -4.87 0. 000* 
X3*X4 -1.550 -0.775 0.1847 -4.19 0. 000* 
X1*X3*X4 -1.450 -0.725 0.1847 -3.92 0. 000* 
50% Dots 
Term Effect" Coef Std Coef t-vaiue P 
Constant 37. 563 0. 1370 274. 19 0. 000 
XI -2. 125 -1. 062 0. 1370 -7. 76 0. 000* 
X3 2. 125 1. 062 0. 1370 7. 76 0. 000* 
X4 -3. 225 -1. 612 0. 1370 -11. 77 0. 000* 
XI* X3 -0. 625 -0. 312 0. 1370 -2. 28 0. 026* 
XI* X4 -1. 775 -0. 887 0. 1370 -6. 48 0. 000* 
X3*X4 -1. 325 -0. 663 0. 1370 -4. 84 0. 000* 
X1*X3*X4 -0. 975 -0. 488 0. 1370 -3. 56 0. 001* 
75% Dots 
Term Effect Coef Std Coef t-value P 
Constant •
 
CM CM 650 0. 0854 265. 25 0. 000 
XI -1. 250 -0. 625 0. 0854 -7. 32 0. 000* 
X3 1. 000 0. 500 0. 0854 5. 86 0. 000* 
X4 -1. 300 -0. 650 0. 0854 -7. 61 0. 000* 
XI* X3 -0. 250 -0. 125 0. 0854 -1. 46 0. 148 
XI* X4 -0. 950 -0. 475 0. 0854 -5. 56 0. 000* 
X3*X4 -0. 300 -0. 150 0. 0854 -1. 76 0. 083 
X1*X3*X4 -0. 450 -0. 225 0. 0854 -2. 63 0. 010* 
* significant at 0.05 level. 
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Smnmarv for the additional findings 
The Cronbach Alpha reliability index for the ten dot 
gain measurements on the three tints was 0.9987 (see Table 
4.19). This suggests that the dot gain measurements, within 
and across sheets, were consistent. The results of the 
Principal Components factor analysis (see Table 4.20) also 
suggested that there was high validity for the construct of 
dot gain. 
The findings for the uncoated paper indicated printing 
on the uncoated stock not only raised the dot gain size, but 
also the dot gain variation. As shown in Table 4.33, the dot 
gain percentage interval (mean ± 3 standard deviations) at 
the 50% tint for the uncoated paper was approximately 37.56% 
± 8.43%. Based on the experimental results, the printing 
process using the uncoated paper at the ISU Printing Services 
Department was not capable of producing prints with dot gain 
percentages less than the industrial specifications. Due to 
the nature of the irregular surface of uncoated paper, there 
is a great need to investigate how to reduce the dot gain on 
uncoated paper with a cost less than purchasing the more 
expensive coated paper. For example, reducing the amount of 
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squeeze between rollers to a certain level might reduce ink 
spread and absorption on the surface of uncoated paper, and 
therefore, reduce the dot gain size and ink consumption and 
also increase the life of blankets and plates. 
A summary of the dot gain phenomena on the coated paper 
and recommended process operating conditions using the coated 
paper is presented in Table 4.35. In contrast to the 
uncoated paper, printing on coated paper, which produced less 
dot gain and dot gain variation, was a more stable process. 
Table 4.35. Summary of the dot gain phenomena on the coated 
paper. 
25% Tint 50% Tint 75% Tint 
J ( % )  20.7625 24.2875 15.5750 
SY 0.9710 0.9572 0.5905 
Sign. 
Effect* 
X4, X3,  Xi*X4 X4, Xi*X3, X3, 
Xi*X4, Xi 
X3, X4,  Xi, 
Xi*X4, Xi*X3 
Equation 
20.7 6-  .16X3 + 
. 6 6 X 4 +  .16X1X4 
24.29 + .24X1 + 
.31X3 + .41X4 -
.34X1X3 + .26X1X4 
15.58 + .15Xi + 
.30X3 + .18X4 -
.13X1X3+ .15X1X4 
Optimum 
procedure 
X4=-l, X3=l, Xi=l X4=-l, X3=-l, 
Xi=-1 
X3=-l, X4=-l, 
Xi=-1 
( % )  19.78 23.25 14.98 
* significant at 0.05 level and listed by the stepwise 
sequence. 
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Suxmnazy 
The results of the statistical analyses for testing the 
hypotheses and investigating the additional findings were 
presented in this chapter. The general results verified that 
the dot gain from the film to plates and to paper was 
greatest in the midtone area (50% dots) and smallest in the 
three-quartertone area (75% dots). The results also showed 
that paper had the overwhelming influence on the dot gain 
percentages among the four factors. Both the main effect of 
paper (X2) and its interaction with blanket-to-paper 
pressure (X2*X4) were significant at the 25% and 50% tints, but 
only the main effect of paper was significant for the 75% 
dots. 
The results of the reliability and validity analyses 
indicated that the dot gain measurements within and across 
the sheets were significantly reliable and valid. Additional 
findings for the dot gain phenomena on the coated paper 
showed that the main effects of fountain solution pH (Xi), 
plate-to-blanket pressure ( X 3 ), blanket-to-paper pressure ( X 4 )  
and the interaction effects of Xi^Xa, Xx*X4 were significant 
for the 50% and 75% dots. For the 25% dots, the significant 
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effects were the main effects of X3 and X4 and the X].*X4 
interaction. The predicted dot gain percentages for the 
different combinations of operating conditions were computed, 
and the optimum operating conditions to minimize the dot gain 
sizes on the coated paper were also recommended for the three 
tints. 
Additional findings for the uncoated paper showed that 
most of the effects were significant for all three tints, 
including the three-way interaction, which is usually-
difficult to interpret. This suggests that the uncoated 
paper was highly sensitive to any changes resulted from the 
other factors, thus, print quality using this type of paper 
appeared to be inconsistent, in terms of the size of dot gain 
and dot gain variation. Detailed results of the stepwise 
regression analysis and ANOVA table for the uncoated paper 
are included in Appendix H. 
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CHAPTER V. SUM4ARY, CONCLUSIONS, AND BECCMMENDATIONS 
In the previous four chapters of this study, the 
introduction, review of literature, methodology, and results 
and findings were presented. This chapter summarizes the 
previous chapters, the findings, and presents recommendations 
based on the findings. The chapter includes the following: 
1. Summary and Integration of Results, 
2. Integration of Findings with Past Literature, and 
3. Recommendations. 
Summary and Integration of Results 
This research studied how the four factors, fountain 
solution pH, paper, plate-to-blanket pressure, and blanket-
to-paper pressure, affected the "on press" dot gain on the 
Heidelberg GTO at the Printing Services Department of Iowa 
State University (ISU). The main purposes of this study were 
1) to identify the most important factor that influenced the 
percentage of "on press" dot gain on the sheet-fed offset 
lithography press, and 2) to establish optimum operating 
conditions so that the minimum yield of dot gain size could 
be obtained utilizing the Heidelberg GTO. 
158 
4  A randomized 2 factorial design was employed in which 
every factor was run at two specified levels (fixed effects) 
determined based upon the practical operating conditions on 
the Heidelberg GTO offset lithographic press at the Iowa 
State University Printing Services Department. This resulted 
in a total of sixteen different treatment combinations. Ten 
observations were systematically recorded for each of the 
sixteen treatment combinations for a total sample size of 
160. The four factors were (Xi) fountain solution pH (pH), 
(X2) paper types, (X3) plate-to-blanket pressure, and (X4) 
blanket-to-paper pressure. Sixteen of twenty Fuji negative 
working plates were selected for the sixteen press runs. 
Readings of the image areas at 25% tint, 50% tint, and 75% 
tint and the solid ink density from the plates and sampled 
printed sheets were recorded and analyzed by two statistical 
software packages, Minitab lO.Xtra and SPSS 6.1. 
In this section, the integration of the results and 
findings are presented in terms of the stated hypotheses. 
Each hypothesis is listed and the results are stated based on 
the findings presented in Chapter IV. 
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Hypothesis 1 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 25% 
tint on the Heidelberg GTO did not significantly differ from 
zero; that is, 
Ho-25%: Pi = Or where i = 1, 2, 3, 15. 
The findings indicated that Ho-25% was rejected at the 0.05 
level (F = 83.96, p = 0.000). It was concluded that the main 
effect of "paper" (X2) and the "paper" and "blanket-to-paper 
pressure" interaction effect (X2*X4) on the total dot gain at 
the 25% tint on the Heidelberg GTO were significantly 
different from zero at the 95% confidence level. 
Hypothesis 2 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 50% 
tint on the Heidelberg GTO did not significantly differ from 
zero, that is, 
Ho-50%: Pj = 0, where j = 1, 2, 3, 15. 
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The ANOVA results revealed that Ho-50% was rejected at 
the 0.05 level(F = 87.49, P = 0.000). It was concluded that 
the average main effect of "paper" (X2) and the "paper" and 
"blanket-to-paper pressure" interaction effect (X2*X4) on 
total dot gain at the 50% tint on the Heidelberg GTO were 
significantly different from zero at the 95% confidence 
level. 
Hvpothesis 3 
It was hypothesized that the mean effects of 1) fountain 
solution pH; 2) paper types; 3) plate-to-blanket pressure; 
and 4) blanket-to-paper pressure on the total dot gain at 75% 
tint on the Heidelberg GTO did not significantly differ from 
zero, that is, 
Ho-75%: Pk = 0, where k = 1, 2, 3, 15. 
The results of the ANOVA revealed that Ho-75% was rejected at 
the 0.05 level (F = 67.95, P = 0.000). It was concluded that 
only the average main effect of "paper" (X,) on the total dot 
gain of the 75% dots on the Heidelberg GTO was significantly 
different from zero at the 95% confidence level. 
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Integration of the hypothesis test results 
Based on the conclusions of the testing results for the 
three hypotheses, the main effect of paper was the dominant 
variable affecting dot gain on all of the three tints. In 
fact, the stepwise-regression values indicated that the 
main effect of paper occupied more than 92% of the total 
variability in the dot gain percentages for all three dot 
areas. This confirms that the main effect of paper was so 
overwhelming that it outweighed the significance of the other 
effects. Thus, the factor paper (X2) was controlled for the 
second statistical analysis to study the conclusive 
relationships among the other variables and obtain more 
accurate estimations for the effects associated with Xi ,  X 3 ,  
and X4. A summary of the findings for the second analysis is 
presented in the next section. 
Additional findings 
Table 5.1 summarizes the findings based on the second 
analysis after controlling the factor paper. The uncoated 
stock was not recommended simply because the process was not 
stable and capable. Further experiments aiming at studying 
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Table 5.1. Summary of dot gain phenomena for the coated and 
uncoated paper. 
For the Coated Paper (N = 80) 
25% Tint 50% Tint 75% Tint 
37(%) 20.7625 24.2875 15.5750 
Sy 0.9710 0.9572 0.5905 
Sign. 
Effect* 
X 4 ,  X 3 ,  X i * X 4  X 4 ,  Xi*X3, X 3 ,  
Xi*X4, Xi 
1X3, X 4 ,  Xi, 
iXi*X4, Xi*X3 
Equation 20.76- . 1 6 X 3  +  
. 6 6 X 4  +  .16X1X4 
24.29 + .24X1 + 
.31X3 + .41X4 -
.34X1X3 + .26X1X4 
115.58 + .15X1+ 
.30X3 +  .  I 8 X 4  -
1.13X1X3+ .15X1X4 
Optimum 
Procedure 
X4=-l, X3=l, Xi=l X4=-l, X3=-l, 
Xi=-1 
X3=-l, X4=-l, 
|Xi=-l 
19.78 23.25 14.98 
For the Uncoated Paper (N = 80) 
25% Tint 50% Tint 75% Tint 
y(%) 36.3000 37.5625 22.6500 
S y  3.4765 2.8053 1.3880 
Sign. 
Effect* 
X 4 ,  X i ,  X 3 ,  X i * X 4 ,  
X 3 * X 4 ,  X i * X 3 * X 4  
X 4 ,  X i ,  X 3 ,  X i * X 4 ,  
X 3 * X 4 ,  X i * X 3 * X 4 ,  
Xi*X3 
X 4 ,  X i ,  X 3 ,  X i * X 4 ,  
X i * X 3 * X 4  
Equation Not Recommended 
Optimum 
Procedure 
Not Recommended 
( % )  Not Recommended 
* significant at the a = 0.05 level and listed by the 
stepwise selection sequence. 
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the surface irregularity of the uncoated paper are 
recommended. Additional findings for the uncoated paper also 
showed that most of the effects were significant for all 
three tints. In other words, the uncoated paper was highly 
sensitive to any changes from the other variables, thus, 
printing quality when using uncoated paper appears to be 
inferior to that using coated paper. 
Note that the dot gain phenomena on the coated paper 
were not all the same at the 25%, 50%, and 75% tints (see 
Table 5.1). For prints that emphasize quartertone areas, it 
was recommended that coated paper with a combination of lower 
blanket-to-paper pressures, higher plate-to-blanket 
pressures, and higher fountain solution pH values be used. 
For prints that emphasize midtone and three-quartertone 
areas, it was recommended that coated paper with a 
combination of lower blanket-to-paper pressures, lower plate-
to-blanket pressures, and lower fountain solution pH values 
be used. 
When dealing with coated paper, it is important to note 
that the factors Xi, X3, and X4 cannot be interpreted 
independently of one another because their interactions were 
significant; they must be interpreted simultaneously. In 
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other words, due to the presence of significant interactions 
among the three factors for coated paper, the observed dot 
gain values must be described relative to the levels of the 
three interacting factors, Xj., X3, and X4. The analysis of 
the means and standard deviations of the significant 
interactions relative to the levels of the interacting 
factors for the coated paper is exhibited in Table 5.2. 
Integration of Findings with Past Literature 
The dot gain percentages at the 25%, 50%, and 75% tints 
and solid ink density (SID) for both the plates (see Table 
4.1) and printed sheets (see Table 4.4) were measured by two 
reflection densitometers, Betalog PlateMaster and X-Rite 418. 
For both the plates and sheets, dot gain was greatest at the 
50% dots, tapering off at the highlight and shadow ends of 
the tone scale. The variations of dot gain for the plates 
and sheets were greatest at the 25% tint and smallest at the 
75% tint. 
The overall average midtone (50%) dot gain from the film 
(computer generated) to plates was 9.35% with a standard 
deviation of 0.46%, and from the film to sheets it was 30.93% 
with a standard deviation of 6.98%. These dot gain means and 
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Table 5.2. Analysis of the means and standard deviations of 
the significant interactions for the coated 
paper. 
Significant Interactions for the 25% Tint 
X4  =  - 1  X4  =  ALL CELL CONTENTS 
N 
MEAN 
STD DEV 
Xi :  fountain solution pH value 
X3: plate-to-blanket pressure 
X4: blanket-to-paper pressure 
Xi :  - 1=  4 .0 ;  1=  4 .5  
X3: -1= 0.003 in.; 1= 0.006 in. 
X4:  - 1=  level 0 ;  1=  level 0 .1  
X
 
H
 II 1 2 0  
20 .200  
0 .410  
21 .2  
0 .6  
40  
20 .700  
0 .723  
=  1  20  
20 .000  
0 .649  
21 .6  
0 .9  
40  
20 .825  
1 .174  
ALL 40  
20 .100  
0 .545  
21 .4  
0 .8  
80  
20 .763  
0 .  971  
Significant Interactions for the 50% Tint 
X3  =  - 1  X3  =  ALL X4  =  - 1  X4  =  1  ALL 
23 .400  
0 .503  
24 .70  
0 .80  
24 .050  
0 .932  
23 .900  
0 .852  
24 .200  
1 .005  
24 .050  
0 .  932  
=  1  20  
24 .550  
0 .999  
2  
24 .50  
0 .88  
40  
24 .525  
0 .933  
X i  =  1  20  
23 .850  
0 .587  
20  
25 .200  
0 .696  
40  
24 .525  
0 .933  
ALL 40  
23 .975  
0 .974  
4  
24 .60  
0 .84  
80  
24 .288  
0 .957  
ALL 40  
23 .875  
0 .723  
40  
24 .700  
0 .992  
80  
24 .288  
0 .957  
Significant Interactions for the 75% Tint 
X3  =  - 1  X3  =  ALL X4  =  - 1  X4  =  1  ALL 
Xi  =  - 1  20  
15 .000  
0 .000  
2  
15 .85  
0 .49  
40  
15 .425  
0 .549  
Xi = -1 20  
20 .200  
0 .410  
20  
21 .200  
0 .616  
40  
20 .700  
0 .723  
X i  =  1  20  
15 .550  
0 .510  
2  
15 .90  
0 .54  
40  
15 .725  
0 .599  
X i  =  1  20  
20 .000  
0 .649  
20  
21 .650  
0 .988  
40  
20 .825  
1 .174  
ALL 40  
15 .275  
0 .452  
4  
15 .87  
0 .56  
80  
15 .575  
0 .591  
ALL 40  
20 .100  
0 .545  
40  
21 .425  
0 .844  
80  
20 .763  
0 .971  
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variation values appear to be relatively high simply because 
they were the averages computed based on the values of the 
coated and uncoated paper. The average midtone dot gain for 
the coated stock was about 24.29% with a standard deviation 
of 0.96%, whereas it was approximately 37.56% with a standard 
deviation of 2.8% for the uncoated paper. It is important to 
note the midtone dot gain values because the key to adjust 
tone reproduction is controlling the 50% dot in relation to 
the highlight of the images. 
Convergence with past literature 
1. Dot gain and solid ink density have been the two most 
frequently measured variables used to improve and/or 
maintain printing quality in the offset printing 
industry ("Dot gain: Causes and cures," 1982; 
Southworth, 1989; GATF Staff, 1995; Gretag Imaging, 
1996). 
2. The mean dot gain values at the 50% tint for the coated 
paper (24.29%) of this study fell within the widely 
accepted American specifications, SWOP (see Table 2.2) 
and European specifications, FIPP (see Table 2.3). 
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3. A study conducted by Lindqvist, Paukku, and Perila 
(1976) at the Graphic Arts Research Institute in Finland 
concluded that the effect of the plate-to-blanket 
pressure {X3) on dot gain was quite the opposite to that 
of blanket-to-paper pressure (X4) for the newspaper 
(note: newspaper is a type of uncoated paper). This 
finding was supported by the present study, as shown in 
Table 4.34. 
4. Lindqvist, Paukku, and Perila (1976) also reported that 
the effects of plate-to-blanket pressure and blanket-to-
paper pressure partly counteract each other and cannot 
usually be regulated separately for the newspaper 
{uncoated paper) . This study supports that there was a 
significant interaction effect between X3 and X4 for the 
uncoated paper, and the interaction effect of X3*X4 was 
negative for 25% and 50% dots (see Tables 4.34). 
5. This study showed that the effects of plate-to-blanket 
pressure did indeed affect the on-press dot gain for 
both the coated and uncoated paper and, thus, is 
consistent with the recommendations of a FOGRA Report 
(FOGRA, 1984) and GATF Reports (DeJidas, 1995). 
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Divergence with past literature 
1. The mean dot gain values at the 50% tint for the 
uncoated paper (37.56%) of this study tended to be 
higher than the industrial average (32%) based on the 
FIPP specifications (see Table 2.3). 
2. This study did not show that the dot gain values 
measured densitometrically for the 25% and 75% tints 
were approximately half of those calculated for 50% 
dots, as reported by DePaoli (1981). 
3. The finding of significant effects on dot gain 
associated with blanket-to-paper pressure (X4) were not 
consistent with the results of two studies conducted by 
Pobboravsky, Pearson, and Daniels (1989) and MacPhee and 
Lind (1990) . This study showed that the main effects 
and two-way interactions associated with X4 were all 
significant at the 0.05 level for both the coated and 
uncoated paper. Nevertheless, this finding is supported 
by an analysis of the dot gain problems conducted by 
Saleh (1982). 
4. The finding of significant effects on dot gain 
associated with fountain solution pH (Xi) and blanket-
to-paper pressures (X4) for both the uncoated and coated 
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paper were not consistent with the results of an offset 
newspaper study conducted by Rockwell Graphic Systems, 
Inc. (DePaoli, 1981) . DePaoli concluded that blanket 
impression setting with a compressible blanket (which 
was used in this study) and fountain solution pH had no 
effect on dot gain. 
5. Many variables contributing to the on-press dot gain in 
the offset printing process are interdependent. It is 
important to note that these variables cannot be studied 
independently of one another because their interactions 
are usually significant; they must be interpreted 
simultaneously. Many studies dealing with dot gain 
problems have either assumed that there were no 
interactions among variables or they have interpreted 
the variable effects independently of one another. 
Contributions of findings to literature 
1. This study provided an example of how to analyze the 
reliability and validity of the dot gain data measured 
by reflection densitometers, which has not been found in 
past literature. 
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2. The study demonstrated that it is possible to obtain 
reliable dot area measurements on the lithographic 
printing plates using reflection densitometers if a 
precise plate exposure scale, such as UGRA Plate Control 
Wedge, is applied with extensive care during the 
platemaking process. 
3. The analyses of dot gain phenomena on the coated paper 
not only suggested statistical procedures to determine 
the significance of the variables and their effects 
(which were found in several similar studies), but also 
provided an example of how to utilize statistical 
procedures to determine optimum operating conditions and 
press printing characteristics (which were not found in 
the related literature). 
4. This study found that uncoated paper is highly sensitive 
to any changes resulting from other factors; thus, the 
printing quality using this type of paper tends to be 
inconsistent, in terms of the size of dot gain and dot 
gain variation. 
5. Additional findings for both the coated and uncoated 
paper did not conform to each other. The significance 
of the variables, and the strength and direction 
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(negative or positive) of their effects for the uncoated 
paper did not comply with those for the coated paper. 
Most of the literature addressing dot gain related 
issues tended to emphasize the dot gain phenomena on 
coated paper only. For example, the SWOP dot gain 
specifications (SWOP, 1993) failed to provide guidelines 
and specifications for uncoated paper. 
6. This study showed that there was a significant 
difference in solid ink density (SID) between the coated 
and uncoated paper. The results of a two-sample t-test 
to compare the SID for the two groups is displayed in 
Table 5.3. The table reveals that coated papers have 
higher SID than uncoated papers. This verifies the 
theory proposed by Southworth and Southworth (1989): as 
the paper quality decreases, so does the solid ink 
density. 
Table 5.3. SID values for the coated and uncoated paper. 
X2 Mean Std Dev Se Mean N 
Uncoated (-1) 1.1999 0.0343 0.0038 80 
Coated (1) 1.4392 0.0380 0.0043 80 
95% C.I. for mu -1 - mu 1: ( -0.2507, -0.2281) 
T-Test mu- -1 = mu 1 (vs not • •
 
H
 II 1 • 80 P=0.0000 
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Recommendations 
Based on the integration of the literature and findings 
of this study, several useful recommendations for offset 
printing personnel and further research were provided to 
tackle the dot gain issue. 
Recommendations for offset printing personnel 
1. This study suggested that there is a need for measuring 
image dot areas for the purpose of quality assurance. 
It is recommended that the plate image measurement 
should be done in combination with other quality control 
tools, such as UGRA Plate Control Wedge and Digital 
Plate Control Target by GATF and Systems of Merritt 
(Stanton and others, 1996). The use of precise control 
scales in combination with statistical process control 
will enable offset printers to have better control and 
judgment over their printing quality and processes to 
make more informed decisions. 
2. Densitometers in combination with statistical process 
control (SPC) should become a basic tool in promoting 
standards in offset printing by both the printers and 
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their customers because the ability to conununicate with 
niimbers is the real power of densitometry. 
3. For prints that require high fidelity at the midtone 
areas, which are the most cases, it is recommended to 
use coated paper with a combination of lower fountain 
solution pH values, lower plate-to-blanket pressures, 
and lower blanket-to-paper pressures when other primary 
press factors, such as press speed and ink film 
thickness, are controlled. 
4, From an economic standpoint, a few tests to help predict 
how various types of ink function on various types of 
uncoated paper will be necessary for determining a 
standard for both materials since both paper and ink are 
involved together. For example, a standard ink should 
be identified for absorptivity and smoothness of print 
when incoming paper is verified. 
Recommendations for further research 
1. It is recommended that further research address more 
factors simultaneously in combination with two- or 
three-level Fractional Factorial experimental design for 
coated and uncoated paper. 
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2. Dot gain phenomena should be studied with the use of 
stochastic screening and/or computer-generated plates 
for waterless offset lithography. 
3. Further research is needed to study the accuracy, 
consistency, and inter-instrument agreement for the 
reflection densitometers designed specially for reading 
lithographic plate. 
4. Studies should be conducted to determine whether the 
Yule-Nielsen equation with an appropriate "n" factor is 
a better method for measuring dot areas on printing 
plates than the Murray-Davies equation, which was used 
in this study. 
5. There is a great need for studies directed at surveying 
web and sheet-fed offset lithographic printers, 
nationwide and/or worldwide, to recommend new standards 
for dot gain and solid density values. 
6. The findings for dot gain phenomena on the uncoated 
paper revealed that it is necessary to conduct intensive 
research to investigate the interaction between uncoated 
paper and ink for achieving the least amount of dot gain 
in combination with the least consumption of ink. Due 
to the nature of the irregular surface of uncoated 
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paper, there is a great need to study how to reduce dot 
gain size and its variation on uncoated paper with a 
cost that is less than purchasing more expensive coated 
paper. For example, reducing the amount of squeeze 
between rollers to a certain level might reduce ink 
spread and absorption occurring on the surface of 
uncoated paper; therefore, reduce the dot gain size and 
ink consumption and also increase the life of printing 
blankets and plates. 
7. Further research is needed to test various types of 
uncoated and coated paper to categorize their 
printability based on some of the major paper properties 
such as moisture content, brightness, surface 
smoothness, surface absorbency, and other physical and 
optical properties. 
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APPENDIX A. DETAILED DESCRIPTIVE ST2^ISTICS 
177 
Detailed Descriptive Statistics 
DG_25T 
By XI 
dot gain at 25% tint 
-1 pH = 4.0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 29.3000 Std Err .9827 Min 
Median 28.0000 Variance 77.2506 Max 
5% Trim 29.1528 Std Dev 8.7892 Range 
95% CI for Mean (27.3441, 31.2559) IQR 
20.0000 Skewness .0717 
42.0000 S E Skew .2689 
22.0000 Kurtosis -1.9245 
17.0000 S E Kurt .5318 
DG_25T 
By XI 
dot gain at 25% tint 
1 pH = 4.5 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 27.7625 Std Err .8427 Min 
Median 26.0000 Variance 56.8163 Max 
5% Trim 27.5694 Std Dev 7.5377 Range 
95% CI for Mean (26.0851, 29.4399) IQR 
19.0000 Skewness .3396 
40.0000 S E Skew .2689 
21.0000 Kurtosis -1.4838 
14.7500 S E Kurt .5318 
DG_25T dot gain at 25% tint 
By X2 -1 uncoated paper 
Valid cases: 80.0 Missing cases: .0 Percent missing: .0 
Mean 36.3000 Std Err .3887 Min 
Mediain 37.0000 Variance 12.0861 Max 
5% Trim 36.4028 Std Dev 3.4765 Range 
95% CI for Mean (35.5263, 37.0737) IQR 
29.0000 Skewness -.5795 
42.0000 S E Skew .2689 
13.0000 Kurtosis -.7100 
5.0000 S E Kurt .5318 
DG _25T dot gain at 25% tint 
1 coated paper By X2 
Valid cases: 80.0 Missing cases; Percent missing: 
Mean 20.7625 Std Err .1086 Min 
Median 21.0000 Variance .9429 Max 
5% Trim 20.7361 Std Dev .9710 Range 
95% CI for Mean (20.5464, 20.9786) IQR 
19.0000 Skewness .4984 
23.0000 S E Skew .2689 
4.0000 Kurtosis -.3073 
1.0000 S E Kurt .5318 
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DG_25T doc gain at 251 tint 
By X3 -1 plate-bk = 0.003 
Valid cases: 80.0 Missing cases: .0 Percent missing: . 0  
Mean 28.0500 Std Err .8317 Min 
Median 26.0000 Variance 55.3392 Max 
5% Trim 27.9306 Std Dev 7.4390 E^ge 
95% CI for Mean (26.3945, 29.7055) IQR 
20.0000 Skewness .1416 
39.0000 S E Skew .2689 
19.0000 Kurtosis -1.8572 
15.0000 S E Kurt .5318 
DG_25T dot gain at 25% tint 
By X3 1 plate-bk = 0.006 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 29.0125 Std Err .9966 Min 
Median 26.5000 Variance 79.4555 Max 
5% Trim 28.8889 Std Dev 8.9138 Range 
95% CI for Mean (27.0288, 30.9962) IQR 
19.0000 Skewness .2096 
42.0000 S E Skew .2689 
23.0000 Kurtosis -1.7949 
19.0000 S E Kurt .5318 
DG_25T dot gain at 25% tint 
By X4 -1 bk-paper = level 0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 29.1500 Std Err 1.0371 Min 
Median 25.5000 Variance 86.0532 Max 
5% Trim 29.0417 Std Dev 9.2765 Range 
95% CI for Mean (27.0856, 31.2144) IQR 
19.0000 Skewness .0877 
42.0000 S E Skew .2689 
23.0000 Kurtosis -1.9368 
19.0000 S E Kurt .5318 
DG_25T dot gain at 25% tint 
By X4 1 bk-paper = level 0.1 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 27.9125 Std Err .7781 Min 
Median 26.0000 Variance 48.4353 Max 
5% Trim 27.7083 Std Dev 6.9595 Range 
95% CI for Mean (26.3637, 29.4613) IQR 
20.0000 Skewness .2991 
40.0000 S E Skew .2689 
20.0000 Kurtosis -1.5839 
14.7500 S E Kurt .5318 
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DG_50T dot gain at 50% tint 
By XI -1 pH = 4.0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 31.3375 Std Err .8338 Min 
Median 31.0000 Variance 55.6188 Max 
5% Trim 31.2361 Std Dev 7.4578 E^ge 
95% CI for Mean (29.6778, 32.9972) IQR 
23.0000 Skewness .0555 
42.0000 S E Skew .2689 
19.0000 Kurtosis -1.9073 
14.0000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By XI 1 pH = 4.5 
Valid cases: 80.0 Missing cases: Percent missing: .0 
Mean 30.5125 Std Err .7250 Min 
Median 28.5000 Variance 42.0505 Max 
5% Trim 30.3472 Std Dev 6.4846 Range 
95% CI for Mean (29.0694, 31.9556) IQR 
23.0000 Skewness .3339 
41.0000 S E Skew .2689 
18.0000 Kurtosis -1.4989 
13.0000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By X2 -1 uncoated paper 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 37.5625 Std Err .3136 Min 
Median 38.0000 Variance 7.8695 Max 
5% Trim 37.6667 Std Dev 2.8053 Range 
95% CI for Mean (36.9382, 38.1868) IQR 
31.0000 Skewness -.4966 
42.0000 S E Skew .2689 
11.0000 Kurtosis -.5551 
4.0000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By X2 1 coated paper 
Valid cases: 80.0 Missing cases: Percent missing: .0 
Mean 24.2875 Std Err .1070 Min 
Median 24.0000 Variance .9163 Max 
5% Trim 24.2639 Std Dev .9572 Range 
95% CI for Mean (24.0745, 24.5005) IQR 
23.0000 Skewness .2763 
26.0000 S E Skew .2689 
3.0000 Kurtosis -.8224 
1.0000 S E Kurt .5318 
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C*3_50T dot gain at 50% tint 
By X3 -1 plate-bk = 0.003 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 30.2375 Std Err .7264 Min 
Median 28.5000 Variance 42.2087 Max 
5% Trim 30.2083 Std Dev 6.4968 Range 
95% CI for Mean (28.7917, 31.6833) IQR 
23.0000 Skewness .0872 
38.0000 S E Skew .2689 
15.0000 Kurtosis -1.8975 
13.0000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By X3 1 plate-bk = 0.006 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 31.6125 Std Err .8280 Min 
Median 29.5000 Variance 54.8479 Max 
5% Trim 31.5278 Std Dev 7.4059 Range 
95% CI for Mean (29.9644, 33.2606) IQR 
23.0000 Skewness .1985 
42.0000 S E Skew .2689 
19.0000 Kurtosis -1.8010 
15.0000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By X4 -1 bk-paper = level 0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 31.5250 Std Err .8758 Min 
Median 29.5000 Variance 61.3665 Max 
5% Trim 31.4444 Std Dev 7.8337 Range 
95% CI for Mean (29.7817, 33.2683) IQR 
23.0000 Skewness .0745 
42.0000 S E Skew .2689 
19.0000 Kurtosis -1.9214 
15.5000 S E Kurt .5318 
DG_50T dot gain at 50% tint 
By X4 1 bk-paper = level 0.1 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 30.3250 Std Err .6701 Min 
Median 28.5000 Variance 35.9184 Max 
5% Trim 30.2083 Std Dev 5.9932 Range 
95% CI for Mean (28.9913, 31.6537) IQR 
23.0000 Skewness .2254 
40.0000 S E Skew .2689 
17.0000 Kurtosis -1.6478 
12.0000 S E Kurt .5318 
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DG_75T doc gain at 75% tint 
By XI -1 pH = 4.0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
Mean 19.3500 Std Err .4476 Min 
Median 19.5000 Variance 16.0278 Max 
5% Trim 19.3333 Std Dev 4.0035 Range 
95% CI for Mean (18.4591, 20.2409) IQR 
15.0000 Skewness .0237 
24.0000 S E Skew .2689 
9.0000 Kurtosis -1.9512 
8.0000 S E Kurt .5318 
DG_75T dot gain at 75% tint 
By XI 1 pH = 4.5 
Valid cases: 80.0 Missing cases: .0 Percent missing: .0 
Mean 18.8750 Std Err .3788 Min 
Median 18.0000 Variance 11.4778 Max 
5% Trim 18.8056 Std Dev 3.3879 Range 
95% CI for Mean (18.1211, 19.6289) IQR 
15.0000 Skewness .2525 
24.0000 S E Skew .2689 
9.0000 Kurtosis -1.6182 
6.0000 S E Kurt .5318 
EX3_75T dot gain at 75% tint 
By X2 -1 uncoated paper 
Valid cases: 80.0 Missing cases: .0 Percent missing: . 0  
Mean 22.6500 Std Err .1552 Min 
Median 23.0000 Variance 1.9266 Max 
5% Trim 22.7639 Std Dev 1.3880 Range 
95% CI for Mean (22.3411, 22.9589) IQR 
19.0000 Skewness -.9747 
24.0000 S E Skew .2689 
5.0000 Kurtosis .1790 
2.0000 S E Kurc .5318 
DG_75T dot gain at 75% tint 
By X2 1 coated paper 
Valid cases: 80.0 Missing cases: .0 Percent missing: . 0  
Mean 15.5750 Std Err .0660 Min 
Median 16.0000 Variance .3487 Max 
5% Trim 15.5278 Std Dev .5905 Range 
95% CI for Mean (15.4436, 15.7064) IQR 
15.0000 Skewness .4582 
17.0000 S E Skew .2689 
2.0000 Kurtosis -.6595 
1.0000 S E Kurt .5318 
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DG_75T dot gain at 75% tint 
By X3 -1 plate-bk = 0.003 
Valid cases: 80.0 Missing cases: .0 Percent missing: . 0  
Mean 18.7125 Std Err .4006 Min 
Median 17.5000 Variance 12.8403 Max 
5% Trim 18.6806 Std Dev 3.5833 Range 
95% CI for Mean (17.9151, 19.5099) IQR 
15.0000 Skewness .1241 
23.0000 S E Skew .2689 
8.0000 Kurtosis -1.8865 
8.0000 S E Kurt .5318 
DG_75T dot gain at 75% tint 
3y X3 1 plate-bk = 0.006 
Valid cases: 80.0 Missing cases: .0 Percent missing: .0 
Mean 19.5125 Std Err .4251 Min 
Median 18.5000 Variance 14.4555 Max 
5% Trim 19.5139 Std Dev 3.8020 Range 
95% CI for Mean (18.6664, 20.3586) IQR 
15.0000 Skewness .1267 
24.0000 S E Skew .2689 
9.0000 Kiirtosis -1.8470 
8.0000 S E Kurt .5318 
DG_75T dot gain at 75% tint 
By X4 -1 bk-paper = level 0 
Valid cases: 80.0 Missing cases: Percent missing: . 0  
-Mean 19.3500 Std Err .4511 .Min 
Median 18.0000 Variance 16.2810 Max 
5% Trim 19.3333 Std Dev 4.0350 Range 
95% CI for Mean (18.4521, 20.2479) IQR 
15.0000 Skewness .0363 
24.0000 S E Skew .2689 
9.0000 Kurtosis -1.9566 
8.0000 S E Kurt .5318 
DG_75T dot gain at 75% tint 
By X4 1 bk-paper = level 0.1 
Valid cases: 80.0 Missing cases: .0 Percent missing: . 0  
Mean 18.8750 Std Err .3746 Min 15.0000 Skewness .2274 
Median 18.0000 Variance 11.2247 Max 24.0000 S E Skew .2689 
5% Trim 18.8056 Std Dev 3.3503 Range 9.0000 Kurtosis -1.6312 
95% CI for Mean (18.1294, 19.6206) IQR 6.0000 S E Kurt .5318 
-End of i^pendix A-
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Prediction of Dot Gain Percentages at 25% Tint 
MDG%@25% = 28. 531-7. 769 X2 - 0.619 X4 + 1.281 X2X4 
X2 X4 X2X4 Pred. 
DG(%) 
Std. 
Pred. 
95% C.I.® 95% P.I.^ 
-1 -1 1 38.20 0.995 (36.03, 40.37) (33.35, 43.05) 
-1 -1 1 38.20 0.995 (36.03, 40.37) (33.35, 43.05) 
1 -1 -1 20.10 0.995 (17.93, 22.27) (15.25, 24.95) 
1 -1 -1 20.10 0.995 (17.93, 22.27) (15.25, 24.95) 
-1 -1 1 38.20 0.995 (36.03, 40.37) (33.35, 43.05) 
-1 -1 1 38.20 0.995 (36.03, 40.37) (33.35, 43.05) 
1 -1 -1 20.10 0.995 (17.93, 22.27) (15.25, 24.95) 
1 -1 -1 20.10 0.995 (17.93, 22.27) (15.25, 24.95) 
-1 1 -1 34.40 0.995 (32.23, 36.57) (29.55, 39.25) 
-1 1 -1 34.40 0.995 (32.23, 36.57) (29.55, 39.25) 
1 1 1 21.43 0.995 (19.26, 23.59) (16.57, 26.28) 
1 1 1 21.43 0.995 (19.26, 23.59) (16.57, 26.28) 
-1 1 -1 34.40 0.995 (32.23, 36.57) (29.55, 39.25) 
-1 1 -1 34.40 0.995 (32.23, 36.57) (29.55, 39.25) 
1 1 1 21.43 0.995 (19.26, 23.59) (16.57, 26.28) 
1 1 1 21.43 0.995 (19.26, 23.59) (16.57, 26.28) 
C.I.: Confidence 
P.I.: Prediction 
Interval. 
Interval. 
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Prediction of Dot Gain Percentages at 50% Tint 
MDG%@50% = 30. 925 - 6 .638 X2 - 0.600 X4 + 1.013 X2X4 
X2 X4 X2X4 Pred. 
DG{%) 
Std. 
Pred. 
95% C.I.^ 95% P.I. b 
-1 -1 1 39.18 0.833 (37.36, 40.99) (35.12, 43. 23) 
-1 -1 1 39.18 0.833 (37.36, 40.99) (35.12, 43. 23) 
1 -1 -1 23.88 0.833 (22.06, 25.69) (19.82, 27. 93) 
1 -1 -1 23.88 0.833 (22.06, 25.69) (19.82, 27. 93) 
-1 -1 1 39.18 0.833 (37.36, 40.99) (35.12, 43. 23) 
-1 -1 1 39.18 0.833 (37.36, 40.99) (35.12, 43. 23) 
1 -1 -1 23.88 0.833 (22.06, 25.69) (19.82, 27. 93) 
1 -1 -1 23.88 0.833 (22.06, 25.69) (19.82, 27. 93) 
-1 1 -1 35.95 0.833 (34.14, 37.77) (31.89, 40. 01) 
-1 1 -1 35.95 0.833 (34.14, 37.77) (31.89, 40. 01) 
1 1 1 24.70 0.833 (22.89, 26.52) (20.64, 28. 76) 
1 1 1 24.70 0.833 (22.89, 26.52) (20.64, 28. 76) 
-1 1 -1 35.90 0-833 (34.13, 37.77) (31.89, 40. 01) 
-1 1 -1 35.90 0.833 (34.13, 37.77) (31.89, 40. 01) 
1 1 1 24.70 0.833 (22.89, 26.52) (20.64, 28. 76) 
1 1 1 24.70 0.833 (22.89, 26.52) (20.64, 28. 76) 
® C.I. 
b P.I. 
Confidence 
Prediction 
Interval. 
Interval. 
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MDG? 
Prediction of Dot Gain Percentages at 75% Tint 
!075% = 19.112 - 3.537 X2 
X2 Pred. DG(%) Std. Pred. 95% C .1.^ 95% P .1. b 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 -72) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 . 80) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
-1 22.650 0.334 (21.93, 23.37) (20.50, 24 .80) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
1 15.575 0.334 (14.86, 16.29) (13.43, 17 .72) 
Confidence Interval, 
"p.I.: Prediction Interval. 
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Descriptive Statistics for Dot Gain Values on the Coated 
Paper 
Surmaries of 
By levels of 
- - Description of Subpopulations - -
DG_25.C Dot Gain Percentage at 25% tint for coat 
XI coded dH 
Variable Value Label 
For Eiitire Population 
XI 
XI 
-1 pH = 4.0 
1 pH = 4.5 
Total Cases = 80 
Mean 
20.7625 
20.7000 
20.8250 
Std Dev 
.9710 
.7232 
1.1742 
Variance 
.9429 
.5231 
1.3788 
— Description of Subpopulations 
Suirmaries of DG_25.C Dot Gain Percentage at 25% tint for coat 
By levels of X3 coded plate-bk 
Cases 
80 
40 
40 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 20 .7625 .9710 .9429 80 
X3 -1 plate-b.k = 0.003 20. 9250 .8883 .7891 40 
X3 I plate-bk = 0.006 20. 6000 1.0328 1.0667 40 
Total Cases 80 
- - Description of Subpopulations - -
Summaries of DG_25.C Dot Gain Percentage at 25% tint for coat 
By levels of X4 coded bk-paper 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 20 .7625 .9710 .9429 80 
X4 -1 bk-paper = level 0 20 .1000 .5454 .2974 40 
X4 1 bk-paper = level 0.1 21 .4250 .8439 .7122 40 
Total Cases =80 
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Summaries of 
By levels of 
•G_50.C 
XI 
- Description of Subpopulations - -
Dot Gain Percentage at 50% tint for coat 
coded pH 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 24 .2875 .9572 .9163 80 
XI -1 pH = 4.0 24 .0500 .9323 .8692 40 
XI 1 pH = 4.5 24 .5250 .9334 .8712 40 
Total Cases 80 
- - Description of Subpopulations - -
Suirmaries of DG_50.C Dot Gain Percentage at 50% tint for coat 
By levels of X3 coded plate-bk 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 24. 2875 .9572 .9163 80 
X3 -1 plate-bk = 0. 003 23, .9750 .9737 .9431 40 
X3 1 plate-bk = 0. 006 24. 6000 .8412 .7077 40 
Total Cases 80 
- - Description of Subpopulations - -
Surnmaries cf DG_50.C Dot Gain Percentage at 50% tint for coat 
By levels of X4 coded bk-paper 
Variable Value Label Mecin Std Dev Variance Cases 
For Entire Population 24 .2875 .9572 .9163 80 
X4 -1 bk-paper = level 0 23 .8750 .7228 .5224 40 
X4 1 bk-paper = level 0.1 24 .7000 .9923 .9846 40 
Total Cases = 80 
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Description of Subpcpiilations 
Suitsnaries of DG_75.C Dot Gain Percentage at 75% tint for coat 
By levels of XI coded pH 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 15. 5750 .5905 .3487 80 
XI -1 pH = 4.0 
XI 1 pH = 4.5 
15. 
15. 
4250 
7250 
.5495 
.5986 
.3019 
.3583 
4C 
40 
Total Cases =80 
- - Description of Subpopulations - -
Summaries of DG_75.C Dot Gain Percentage at 75% tint for coat 
By levels of X3 coded plate-bk 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 15. 5750 .5905 .3487 30 
X3 -1 plate-bk = 0. 003 15. 2750 .4522 .2045 40 
X3 1 plate-bk = 0. 006 15. 8750 .5633 .3173 40 
Total Cases = 80 
- - Description of Subpopulations - -
Sumiiiaries of DG 75.C Dot Gain Percentage 
By levels of X4 coded bk-paper 
at 75% tint for coat 
Variable Value Label Mean Std Dev Variance Cases 
For Entire Population 15. 5750 .5905 .3437 30 
X4 -1 bk-paper = level 0 
X4 1 bk-paper = level 0.1 
15. 
15. 
4000 
,7500 
.4961 
.6304 
.2462 
.3974 
40 
40 
Total Cases = 80 
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Equation: 
1. Prediction of dot gain % for the 25% dots 
y 25%. c = 20.76 - 0.162X3 + 0.663X4 + 0.162X1X4 
Xi X 3  X4 Fit SD Fit L95%CI U95%CI L95%PI U95%PI 
1 1 1 21 .425 0.152069 21.1221 21.7279 20.0368 22. 8132 
-1 1 1 21 .100 0.152069 20.7971 21.4029 19.7118 22. 4882 
-1 1 -1 20 .100 0.152069 19.7971 20.4029 18.7118 21. 4882 
1 1 -1 19 .775 0.152069 19.4721 20.0779 18.3868 21. 1632 
-1 -1 1 21 .425 0.152069 21.1221 21.7279 20.0368 22. 8132 
-1 -1 -1 20 .425 0.152069 20.1221 20.7279 19.0368 21. 8132 
1 1 1 21 .750 0.152069 21.4471 22.0529 20.3618 23. 1382 
1 -1 -1 20 .100 0.152069 19.7971 20.4029 18.7118 21. 4882 
2. Prediction of dot gain % for the 50% dots 
Equation: >'50%.= = 24.29 + 0.237Xi + 0.812X3 + 0.412X4 -
0.338X1X3 + 0.262X1X4 
X i  X 3  X4 Fit SD Fit L95%CI U95%CI L95%PI U95%PI 
1 1 1 25. 175 0. 179597 24. 8171 25. 5329 23. 8199 26. 5301 
-1 1 1 24. 850 0. 179597 24. 4921 25. 2079 23. 4949 26. 2051 
-1 1 -1 24. 550 0. 179597 24. 1921 24. 9079 23. 1949 25. 9051 
1 1 -1 23. 825 0. 179597 23. 4671 24. 1829 22. 4699 25. 1801 
-1 -1 1 23. 550 0. 179597 23. 1921 23. 9079 22. 1949 24. 9051 
-1 -1 -1 23. 250 0. 179597 22. 8921 23. 6079 21. 8949 24. 6051 
1 -1 1 25. 225 0. 179597 24. 8671 25. 5829 23. 8699 26. 5801 
1 -1 -1 23. 875 0. 179597 23. 5171 24. 2329 22. 5199 25. 2301 
3. Prediction of dot gain % for the 75% dots 
Equation: = 15.58 + O.lSOXi + O.3OOX3 + 0.175X4 -
0.125X1X3 + 0.150 X1X4 
Xi X3 X4 Fit SD Fit L95%CI U95%CI L95%PI U95%PI 
1 1 1 16. 225 0 .115006 15. 9958 16. 4542 15. 3572 17. 0928 
-1 1 1 15. 875 0 .115006 15. 6458 16. 1042 15. 0072 16. 7428 
-1 1 -1 15. 825 0 .115006 15. 5958 16. 0542 14. 9572 16. 6928 
1 1 -1 15. 575 0 .115006 15. 3458 15. 8042 14. 7072 16. 4428 
-1 -1 1 15. 025 0 .115006 14. 7958 15. 2542 14. 1572 15. 8928 
-1 -1 -1 14. 975 0 .115006 14. 7458 15. 2042 14. 1072 15. 8428 
1 -1 1 15. 875 0 .115006 15. 6458 16. 1042 15. 0072 16. 7428 
1 -1 -1 15. 225 0 .115006 14. 9958 15. 4542 14. 3572 16. 0928 
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Descriptive Statistics for Dot Gain Values on the Uncoated 
Paper 
- - Description of Subpopulations -
Svnmiaries of IX1_25T dot gain at 25% tint 
By levels of XI coded pH 
Variable Value Label 
For Entire Population 
XI 
XI 
-1 pH = 4.0 
1 pH = 4.5 
Mean 
36.3000 
37.9000 
34.7000 
Std Dev Variance 
3.4765 12.0861 
2.0606 
3.8710 
4.2462 
14.9846 
Cases 
30 
40 
40 
Total Cases = 80 
Sintmaries of 
By levels of 
DG_25T 
X3 
- Description of Subpopulations -
dot gain at 25% tint 
coded plate-bk 
Variable Value Label 
For Entire Population 
X3 
X3 
-1 plate-bk = 0.003 
1 plate-bk = 0.006 
Total Cases =80 
Mean 
36.3000 
35.1750 
37.4250 
Std Dev Variance 
3.4765 12.0861 
2.6784 
3.8356 
- - Description of Subpopulations - -
Summaries of DG_25T dot gain at 25% tint 
By levels of X4 coded bk-paper 
7.1737 
14.7122 
Cases 
30 
40 
40 
Variable Value Label 
For Entire Pooulation 
X4 
X4 
-1 bk-paper = level 0 
1 bk-paper = level 0.1 
Mean 
36.3000 
38.2000 
34.4000 
Std Dev 
3.4765 
2.4516 
3.3267 
Variance 
12.0861 
6.0103 
11.0667 
Cases 
30 
40 
40 
Total Cases = 80 
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Suinnaries of 
3y levels of 
- - Description of Subpopulations -
DG_50T dot gain at 50% tint 
XI coded pH 
Variable Value Label 
For Entire Population 
XI 
XI 
-1 pH = 4.0 
1 pK = 4.5 
Mean 
37.5625 
38.6250 
36.5000 
Std Dev 
2.8053 
1.6899 
3.2817 
Variance 
7.8695 
2.8558 
10.7692 
Cases 
80 
40 
40 
Total Cases = 80 
Summaries of 
By levels of 
- - Description of Subpopulations - -
DG_50T dot gain at 50% tint 
X3 coded plate-bk 
Variable Value Label 
For Entire Pooulation 
X3 
X3 
-1 plate-bk = 0.003 
1 plate-bk = 0.006 
Mean 
37.5625 
36.5000 
38.6250 
Std Dev 
2.8053 
2.0255 
3.0858 
Variance 
7.8695 
4.1026 
9.5224 
Cases 
8C 
40 
40 
Total Cases = 80 
Summaries of 
By levels of 
- - Description of Subpopulations - -
DG_50T dot gain at 50% tint 
X4 coded bk-paper 
Variable Value Label 
For Entire Pooulation 
X4 
X4 
-1 bk-paper = level 0 
1 bk-paper = level 0.1 
Mean 
37.5625 
39.1750 
35.9500 
Std Dev Variance 
2.8053 7.8695 
1.9333 
2.6209 
3.7378 
6.8692 
Cases 
80 
40 
40 
Total Cases = 80 
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- - Description of Subpopulations 
Suirmaries of DG_75T dot gain at 75% tint 
By levels of XI coded pH 
Variable Value Label 
For Entire PoDulation 
XI 
XI 
-1 pH = 4.0 
1 pK = 4.5 
Mean 
22.6500 
23.2750 
22.0250 
Std Dev Variance 
1.3880 1.9266 
.7506 
1.5931 
Total Cases =80 
- - Description of Subpopulations - -
Sunmaries of DG_75T dot gain at 75% tint 
By levels of X3 coded plate-bk 
Variable Value Label 
For Entire Population 
X3 
X3 
-1 plate-bk = 0.003 
1 Dlate-bk = 0.006 
Mean 
22.6500 
22.1500 
23.1500 
X.2517 
1.3502 
Total Cases =80 
- - Description of Subpopulations 
Summaries of DG_75T dot gain at 75% tint 
By levels of X4 coded bk-paper 
.5635 
2.5378 
Std Dev Variance 
1.3880 1.9266 
1.5667 
1.8231 
Cases 
80 
40 
40 
Cases 
80 
40 
40 
Variable Value Label 
For Entire Population 
X4 
X4 
-1 bk-paper = level 0 
1 bk-paper = level 0.1 
Mean 
22.6500 
23.3000 
22.0000 
Std Dev Varicince 
1.3880 1.9266 
.8533 
1.5191 
.7282 
2.3077 
Cases 
30 
40 
40 
Total Cases =80 
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Stepwise Regression and ANOVA Tables for the Uncoated Paper 
***•*• M U L T IPLE REGRESSION * * * * 
Equation Number 1 Dependent Variable.. DG_25T dot gain at 25% tint 
Block Number 1. Method: Stepwise Criteria PIN .0500 POUT .1000 
XI X1X3 X1X3X4 *X1X4 X3 X3X4 X4 
Step MultR Rsq F(Eqn) SigF Variable Betain 
1 .5500 .3025 33.823 .000 In: X4 -.5500 
2 .7190 .5170 41.205 .000 In: XI -.4631 
3 .7893 .6230 41.866 .000 In: X3 .3256 
4 .8312 .6909 41.906 .000 In: X1X4 -.2605 
5 .8609 .7412 42.388 .000 In: X3X4 -.2243 
6 .8861 .7852 44.487 .000 In: X1X3X4 -.2099 
Variable(s) Entered on Step Number 
6.. X1X3X4 X1*X3*X4 interactions 
Multiple R .88614 
R Square .78524 
Adjusted R Square .75759 
Standard Error 1.67598 
Analysis of Variance 
Regression 
Residual 
DF 
6 
73 
Sum of Squares 
749.75000 
205.05000 
Mean Square 
124.95833 
2.80890 
F = 44.48651 Signif F = .0000 
Variables in the Equation 
Variable B SE B Beca T Sig T 
XI -1. 600000 .187380 -.463136 -8. 539 .0000 
X1X3X4 725000 .187380 -.209859 -3. 869 .0002 
X1X4 900000 .187380 -.260514 -4 . 803 .0000 
X3 1. 125000 .187380 .325643 6. 004 .0000 
X3X4 775000 .187380 -.224332 -4. 136 .0001 
X4 -1. 900000 .187380 -.549974 -10. 140 .0000 
(Constant) 36. 300000 .187380 193. 724 .0000 
Variables not in the Equation 
Variable Beta In Partial Min Toler T Sig T 
X1X3 -.094075 -.203001 1.000000 -1.759 .0828 
End Block Niimber 1 PIN = .050 Limits reached. 
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M U L T I P L E  R E G R E S S I O N  
Equation Number 2 Dependent Variable.. DG_50T dot gain at 50% tint 
Block Number 1. Method: Stepwise Criteria PIN .0500 
XI X1X3 X1X3X4 * X1X4 X3 X3X4 X4 
POUT .1000 
Step MultR Rsq F(Eqn) SigF Variable Betain 
1 .5784 .3346 39.222 .000 In: X4 -.5784 
2 .6927 .4799 35.519 .000 In: XI -.3811 
3 .7907 .6251 42.246 .000 In: X3 .3811 
4 .8523 .7265 49.803 .000 In: X1X4 -.3184 
5 .8849 .7830 53.393 .000 In: X3X4 -.2377 
6 .9020 .8136 53.088 .000 In: X1X3X4 -.1749 
7 .9089 .8261 48.868 .000 In: X1X3 -.1121 
Variable(s) Entered on Step Number 
7.. X1X3 XI*X3 interactions 
Multiple R .90891 
R Square .82612 
Adjusted R Square .80921 
Standard Error 1.22531 
Analysis of Variance 
Regression 
Residual 
DF Sum of Squares 
7 513.58750 
72 108.10000 
F = 48.86785 Signif F = .0000 
Variables in the Equation 
Mean Square 
73.36964 
1.50139 
Variable B SE B Beta T Sig T 
XI -1 .062500 .136994 -.381143 -7. 756 .0000 
X1X3 -.312500 .136994 -.112101 -2. 281 .0255 
X1X3X4 -.487500 .136994 -.174877 -3. 559 .0007 
X1X4 -.887500 .136994 -.318366 -6. 478 .0000 
X3 1 .062500 .136994 .381143 7. 756 .0000 
X3X4 -.662500 .136994 -.237654 -4 . 836 .0000 
X4 -1 .612500 .136^94 -.578440 -11. 771 .0000 
(Constant) 37 .562500 .136994 274. 191 .0000 
End Block Number 1 POUT = .100 Limits reached. 
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• • • • M U L T I P L E  R E G R E S S I O N  * • * »  
Equation Number 3 Dependent Variable.. DG_75T dot gain at 75% tint 
Block Number 1. Method: Stepwise Criteria 
XI X1X3 X1X3X4 X1X4 X3 
PIN .0500 POUT 
X3X4 X4 
.1000 
Step MultR Rsq F(Ean) SigF Variable BetaIn 
i .4712 .2221 22.2*67 .000 In: X4 -.4712 
2 .6538 .4274 28.737 .000 In: XI -.4531 
3 .7475 . 5588 32.086 .000 In: X3 .3625 
4 .8230 .6774 39.371 .000 In: X1X4 -.3444 
5 .8391 .7040 35.201 .000 In: X1X3X4 -.1631 
Variable(s) Entered on Step Number 
5.. X1X3X4 X1*X3*X4 interactions 
Multiple R .83905 
R Square .70401 
Adjusted R Square .68401 
Standard Error .78025 
Analysis of Variance 
Regression 
Residual 
DF Sum of Squares 
5 107 .*15000 
74 45.05000 
Mean Square 
21.43000 
.60878 
r = 35.20133 Signif F = .0000 
Variables in the Equation 
Variable B SE B Beta T Sig T 
XI -.625000 .087234 -.453125 -7. 165 .0000 
X1X3X4 -.225000 .087234 -.163125 -2. 579 .0119 
X1X4 -.475000 .087234 -.344375 -5. 445 .0000 
X3 .500000 .087234 .362500 5. 732 .0000 
X4 -.650000 .087234 -.471250 -7. 451 .0000 
(Constant) 22.650000 .087234 259. 646 .0000 
Variables not in the Equation 
Variable Beta In Partial Min Toler T Sig T 
X1X3 -.090625 -.166574 1.000000 -1.443 .1532 
X3X4 -.108750 -.199889 1.000000 -1.743 .0855 
End Block Number 1 PIN = .050 Limits reached. 
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